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^uirEiia^ y k© ♦>.— ■ 5 fsn t«/ha$tt § 7 7 , 

— £ ^|S) I- X7ffn- ^fflSi:^* 10 

&#t£3fcft-t-&5ttK#©7^?-.xx— * . x-^y >*ft 
^om^mmmt^ sirs ^asEmamm&stzwBEic 

-t^air-r^fflEa^^ ms*46Mityi .,* • .20 

-XT^^3.x-^g|5|c3El#$*i^m2^a5i. mib 

% 1 ^spfc t kt;B?ri5m2^gi5cDBgsi$si-r-5x^y 
>7&t$®x.z>z t $ftmti-&ffi&m 1 E«©ata 

©£^ft©*toSSi£m?Mi!Tl-E&*;tv -Sffililtirie 
^lSl#gS©^Brlc@S$+i s te$8ttSJfBfg2£fc8p© 30 

mbui=bs$+i. Missg 1 ^^ap©»M£irism2 5£i# 

nmnmmztixi<<sz: t zn&t rzw&* 2 Ess 
ro«a^^,KfiptSllf 0 - ' '%,#.. 
CIS*«4] ffiriHx^y vyspii, 1 1 mow* 

? y > y i*V isiBT^o j£ts* : \x 2 y 

-r kx ^Mb«ir-cMe4)<>M 40 

■rs»*3S4SHaroffia^-i' Kjfcaj*»««.," 

[»#jg6 J MEX:*y >^j*V' v i *©~U&©;fs/< 

& X ^il^ r 2^§E® I 

e>fc£-tM- Kx^y.^^*L^y^ fjiH-tr>a«x 
^y '^*'£^^^ir8E*^iai^(pir=s« 
BirE2#©-*-f Kx^y>Vii. fHB*'«6W^»Et?©Bf 



IHIIia**4: <fc 5 l=BiJfB*'i>fft tXg^ &;fr|S]lc£Effi 

■r-sci.t^isist-rsif^afBproiaa'vy K(as* 

[|§#JS7] Itrl32 0©ffm^tt, fitjfB7^a.x 
-* ■ X^y>y±|zj3LvrffJ|H4"£>$i^t;®Bfi?^ 

fnen 1 ^ftstmoNim .fc'y tt&iEm 2 3£#gB<u©iii5Bi 

*^<!:*-5J:aicfriBEa^a)Si!i^|o|A<iHBiti»C>iai 

[H^3S9 ] friE-tr>^x^y.>y$«i)a-r-5 m© 
fil<«$+i. B!riB-b--f Kx?y>y£8ifig-r.5 ijk©«/^ 

^*aiO] 8iIIBX^y>yfflJli, 2*© I J^ODfi 
/\**A^ftS-fe>*X^y vy,!:. 2*© I JK©ffi/^ 

^&ft**-r KX3ry>yt*#Lr«:y» |Jria2*© 

^o.x— a« ■ x^y >-5r©s^(Sj©* f £ > tt<tttS-r^ 
^i»ii=SftL. BfrfB2*©-ti^^x^y>^'ii % miBtfi 
•Olft^tt^. «JE2*©*-< Kx^-y >^-«fe-y t,roffi» 
2 xi#sstia< 1 *>*o v Mia 2 *©>y-it;KX ^y >y«fc - 

y tBfrlBtt"5lftfcittL^Rfrt?fIgB4"i>«i:a35-r-5^^ 

icaa-r * c t ^ ^at-r 2 ie»©Ma>v k 
teas* • • •••• *.'J>- • s?v u*^. 5 

£?--5iMUSl offitt©«a^-i/ Kfiaa»««.^ "i 
[IS*^ 1 21 fifrE 2>>©E^^ii, striBr 
x-*; 6 >yj;T?Bfr3HT'5»^iX-a» >ix^y ^ 

»©«^t@^$Hv fl6«ii#i2m2S^©®mi=@ • 

»«**.r-t**ct*iMkfr€»3Mi4»ai 1 i3«v« 
©»a^ y -Kaa%«>a«i. - v 

[if *m 1 3 1 ffiriBT^^ix— $ ■ x^y 

^^i=fite^$^fi«j§-e»^*tt/£»fitt©m ' 
1 x-^y >^ajjtfe2Xbfy ^«^&$9^mea' * 

A^Slt SHE^IzttitrlB-b >* x ^y >yA<tsi+ 
f.tir^S^,l:^et < t-r^|»^47iMl 

1 ^E«©iaa^<v Keaat«>a«. 
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[i»#*1 4] f!lS2 0(DEm^l*. BET?* a. 

^iSKD-^ttfllB^I^SBtOSBil^®^** 1 - B12E 
$*u BBS 1^»^®pt«F8B|e2Xl#»<DliBrt 

©rain*. BEEBSs^EB-r *fc»©e«ii«mA<» 

B£4vCl**^t BBtr*B**i. 3fBS£0)iSm^ 
[«**1 5] BEEIblSliiffll*. BBISM X^y V? ,10 

giJi^it t>*ifcm 1 emee*: msm z * ?u >v® 

fcRtt&ftfcB2BBBBfc*>&*!'JK BEB1VB2 
ISiillgrao-^A^^* y l£ < R5t$*t5 - ^ "CBBIS 

miSI^CDfjBT^a.x--* -X?'J>^tSIS 

l*»a**t?=ttB*fT*3:fcTl^ c * 
* 1 4 !BB<Dfflift^ v K{4B3i«>BB. 

M**i,ei .bebb~? fbbbbi*, -saw 

mfe«m^-V K£«ftl^ ffi«!BA<BBT?*3:X--$ 20 

ti<&n — k e~-.tB* bx~ : bed- k err B 
e« 1 s»Bi=»***i*.*BBi: * «isam 2 sftBic 

l$#$*t-&«Si«iai: v !»E*#BtBffi*iS3iiSa5£iS 

ism l3tf#B#fS ***U «rE«a«»i:«rEm 
2 3S#8Ba>lf £ 3 ftfetTCflE £ *t •& «fc 5 icBB **VC 
l%*Sfc*»«4:**»«a2- 4»31.1.-13l=fl 

«**u BEBB«BI=BBB*<»B**.t: 1 

[E#*1 8] BB2?fl>EBS§*«*. unsET?*^. 
• X ? 'J >y±-C«T8BT^5 1 a.x-^ - X^'JV 

*E<»-«l«»EBlB*B«>BWI-B***^ BSE 

S*U BE$ J *BBa>B»*BBB2B*B«>«iJrfc- 

j**;KT;t>S£i£ftai:*SiS#*l 6*fel*l 7IB 

[B** 19] . BE*<*B £ BEB3£«Bcoia-c?BB 

79fal^, • ^K^tfaBEBBBffl^BB** 
BftKBEEMBEJ: l ) Ke-ABEBBE 
A<»)*;**t&;- &7JBEB 1 » 2Xl#ffl<0«Br«= J t*l 
**iBB*»BU BEE«**0>BET**a.X7t* 

©-BfcBBatEEBBfcttfc&SfrfcBB^fr**:^ 



BttBB.. •.■ ■ ■ ..oi; ■ . 

[St** 2 p 1 BEBft^st .KSflrBBI** .-!*?! 
BEBB^"? KtBBU ilftWIfrT**-?*!^ 

• v^&B^EfcBto^kiifcfcttB'TflfcB.*.. 
♦t*D-r Kt^-id&$Bfc<rBE***»^4to 
•j > B**® i-Btofcsb £ ttfctt^-e^ B 

y « beb 1 x^y >?»i-i*be^>**^ ij >## . 
site>*t, fss2 7.^u >yasici*«iE-b x ? y . 

0 >^A<Klt&*i-fc*^.t-r§ai^*2.i 47b2 ; 1 <1 
icffl*u&* 1 BEBOttSfvy RiB3ttf>»Bs 
[B**2 1 ] WEP-K e- AStlii UBS 1 
y >y»«<pBE* 1 >3tftfflH=!£&S*VS**«!^ ■» 
KB 2 X ? y > yB©iWE*2 £}$B©Bp>t kiffi-7 ?• 

fai-j • x^y >y<pB^rai=^«wp»*'KA/^;: 

fiET^^iX-^ • x^y >^«)fi#^rra© ( t"£>** 
S5t;gR(rlciBIS* *t> i{rEE»m^l*v BET^/f 
— S« ■ X^'J >^<D-J^*fifcB3^1T-**^IR<"-' < yP 

iga-r •& 2 otDJSiittv BEB^B^afp-r SBEP 2 

3£^SB<DBSt BEBSS5 i: (7>IS |c»**tf=«B??BE ~ 
% 2 3£»B©SWtBBB^B©B3r.i: lw**vf^BS 

* ti-C L> -5 - 1 *1#l8t i: -T -511** 2 0 IBB(Dia§l^ 
KBB9UMMH. 

[B**2 2] BEa— Ke— ASPlii JUSUi^^E! 

it. BE*(»B©BB».-1 ^M»«4'5#««>i' 
BrlcB3g**tSt*l^ BEB2i*?y >^B©BE» 
30 2 3E^SB<»® m tmtl&T V 9- * ^ 

^raicP«WB*B^-C»B*,* 2 
•T -5 B3EB« ^lft«+. BE 2 -PpBSBIiBET i 
• X^y>^<DS#^<0*^;S»fc«BTl-E 
K**.. BEffiBB" i l*s>BE7'^^.*x-5«: • X?') 

K«B*.*i,,i»EffW»©HfeM=^^BB^2^- 
(OUBttt. BEB*B»=»B^*BBB2^»B^BB:- 
tBIBB^Bt ©MlcB*^fstt«--BEB 2«KM^ 
BBfcBBB«B»Bmfe.l=**^NMP^*«^^ 
. 40 i: «B«if SB** 2 ofitflWBWl^ f^BB** 1 

B. ••• •• ; "•' -' ' 

[IS** 2 3 ] BB=) -XT? fii.ti'flfe BE 
7 7 4 >r ? ?air-* B^.BBBXB l» BE=J-*5 
r?--iX-^BI-«k SBE^T^VT ^^.A x-* »' 
<DflE:>— 5 *|pl^©B<ai*i: BBfiKPBE^r-f >T 

i: £ ^Bt •tSW**1 2 -2.l;=B*u* 1 *EB«>B 
[BBflDBBtfBWI- 

50 [OOO 1 I 
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^VtffrfltefcaiftfcH?-'* „ ■ - •• 

['0002]* 1 ■•.'■s;^' 5 

[ft3fe©'J£fli3 : »«T*£9a*©ieafc»ifc;!- ft b P 
I (Bit Per* incK)Mb£^f ''fn-i (track 'PeV^ncfiNBls 1 

<k y-^eoW^to^-x^iiii c r ; sb p ; r 

i ve)' K(D «fc 5 J&-fe -f tf -r.-f ©!St vftftk v 

*i-5*<. St p 1 •fbns<Dfctorzii*nxr»a^-> k© 
fca&to&g©&#*tMg&&»gsi£&j «"£i*i6 

9"*** *v^tLT3~4i( rngK^fe'i^ 10Gb/ i n2fel 

K*-£v > ^ ^ tf >y ^ lii L T 1 m&lT <t & & fc tf> , flStSl 

K©(4aaii6*Sj£ii ( f ^ «v ? tf^^©10%t?fe 
£) 0. i «niJaTA<M*$ti*«fc olc'JC-5 <> *'•>: 
[00031019 f=&&^x£gai::^ 

Kti;g*tot8«|k(^s;ii>3^-); <DVt*m&m?. 20 

&!SSt©^;i;3f7— A1 1 oTS&a -OH 2 £ 

l+SRi 4^cf<i>l=*aiA (@19 (b) #&) ©-frlBlfe 

*y^1 3©*)u*T-Aft$SlHzl*. JKMiNry Ki^fS 
m W*?H 5 v (* 

^i/«>3 >£fcl*HG A : Head Gimbal Assent) I y) A< 
ttifcfrClAft' (@1 9^( c ) f (d) #RS) - 30 

*!&**2>&ftf¥9 1 3 ©m^izKa* Hf=»r»a >f >u 
1 219* #SP@S&MiS& 1 5 1 ^tvcm 

(Voice CoiHItotorfH^it^ a^fVU '• ^— $ ) $&f& 
^ifcipRB 1 9 (b) : A) >NR3lIt)i51-pi5l 

*ttic<D "-h'9V^%a^6 &a© ^^feaH^ies) 

*^S^I9^h% ^>y) £;> B^v^K^B 40 
^<Dh : 5-y^±f=iitl£$-&r*><7^D— gift C7:j-n' 

[0-0 o4i - cDlfc^is^to^ft'N K<aa3i«)«i«i 

1*1 b©V c M^«ft«>Blft^<'K$ni*ltClk^fe 
-&^2^T-5?r^^j.x-ai©w3SA<jitf)%^Ttiv ; 50 



3„ C<b2X¥-i?T'>^a.X-^liilSi)|zMi!l$-fr-5 

o ) \ x=7-<#U zmmmwi -f ^igsi^ie 

(0 2 1 ) fcitXK^/s-y KX#a# "(H G ^) VgiJ 5 

es'jffiii ft g -awM** (m 2 2 ? siit@ 2 1? 
[ o o 65F@ 2 o ii£^^ K*^iga^sca:. 
* #-r -ssf affiasc6 >j-/7^ *i±— $ a 2 #ji«> 

[o6o6]0 2 1 it*-rx5^ -imtojmtik**>y 3 

^— • 7-f^a7^fii-$ B 2^*§^t>-fr : 

[00 o 73-aar=s'2 2; 02 si^-thgasbsi^ 
iz*or, A-uoisgs (S3 i>y5*7>xm 4 0 2 

2) tA-Ifil (BXf -f 7 : 02 3) *(D2ffl 

[0 0 0 8] 02 2lC^-T*-*OiSSM (JS3>^7-<' 
T © 2 X t- O =f- il-^tlil 1 H G AtH 
^ffllc/M! v C M ^ ^ft LXmmftlz j: y «»/s^ : 

mmmm ^ -a- * s < ^a<±sset? fc y v * 9 s r * * a. - 

x— ^Ottgl^gBlc+^cotK/^-C HP I 
«$H^09-260680#»«) SEf i;^ivCM©ffi 

lb * ic* y *a*-e-c hga siiiEa[i!i s-ii^ t < 

/ 1 *#«t 
*a»*t7 ^a. x^$ ^(«ibis%^ K)f 1m 

fc; T^ai^a > h«^*fflfv*Jt^f|ci4^sm^^.t: 
* - %MWo> 27f- a x— ^ ttt^^c y 1 a 

tai-Si- • : -c-.:?:>,j •, .i.i-«M*»SKss*< 

[O 0 O 9 J '-J5i 0 2 3 ilC^-r^j^fi^ai^X^vf 
>y 71) © 2Xf-JJ7i? ^Fix— * li, fc)i>1f7— A 
D 1 t H G ASP b 4 i: ©JS^fiaiiEa^^- D 2 ^ EB 

LEmjam^fijffl lt h g a su d 4 *iEa3?-e* t©-e 
fcV » ^0ic^«fc-5 icffS^d 2 £*;u*7'-A b 
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tsw»B4 «>»= * y »**-cft»i»i=w y «itfc 

fcH G A (DRBK'MUOr ? ^ ^ x ~ * " 

«lfcHGA«BI4*4.>^^> 12..5.l;*t*3 
l=..EWW:t<WIW*WiWi d • 5=E-K) 
m LT H G A » E 2 £Ktt *tf * * * ^fc *** ■ 

[0011] ; ? 

[iewtf»au«fco.t*^BS]v^*i&.A-*tics<»2 

EtJfc y WMMWWCJ^-aWllttlsBIlT # **=*> 
■^#»l*#l6-< k*.* t l^ofcflA* 1 *** 1 ;- 1 E«* 
?<D&-ftX KP— f A</h*l\fcfe2SBro7!^^iX— 
$ic«fc-5^y K*T!M6ffl*«R<fcy ^SiltfcttteK 
IHISfcftlt**^^**^**' ca>«}:5fcll£. » 

^©3EtSfeais»-r*»»<* v K<DK»*>- *?*•#<£*:• 
fc U W«8ttfi6*>g»HI8itt ( B - K/T > o - KW A . . 

[0012 feiftgMtfcJdt bfcrfMWc*^ * * 
©TJfc Mr. » *<DB Ml*. «* tf* 1 0Gb/ i n2 *. 

T) "CtiMEWC, Av-3*-*»«3kHz8Lt*«*: 
[O0 13] 

2**-«*t*** 

««»*&******»** * 5 -«B 2 

W l=* y ttCBt*^ v- -K<D 

£fc«»£3arrs»«tt©xs*j.x-* ■ x^y y 



-CHiFiBT^^x— 5» • X^y i*Vffll*3W4MI=«*#v ! 
5 £fc|c<J:oT*T*>*i* C 4: *«- " 

flijlB 2 -3©Em*^-l=3ESI-^E*H3*D'^ * - * ' i 

-cmnsT i*-* • x^y ?<y»*»tt»i.-»**>- 
io jufcia^^ K£i$ttHft£->— 

IC «}: y ■iSSJg'S: h7f^ itfiti!)^ ( 7 * B — < 
[oo 1 4] ■ -•■ ^ vs;: 

^ffiS9iK>a«|(Dll«S<D^ ICO t^•CP§B $#iB L £ *< ; 

e,»»ici»wr*<. s&ri©*ffi<P»ffii=otvcH 
®*#RaL-cittBB-r*. iai (a), (b) . <d) . 
( p 2) i*. -as 1 ©usstD^^^-r^isav fflian®. 

.20 HS5S!li5ia. ^SP¥aSltffc*» 12 (a) . (b) J3 
(c) l*> |g 1 (DIISS©^® (0 7T-<>7ffil 

^ • X"^y >^<D3F®0t?fc*. @3 (a) 
(b) li. I3CCS1 ©StJfi©»l8©<i«*a«^'«*«B r 
-C?fc-5. *fc. H4,(a) 6*tf,(b) : tti 7m.ii 

- x ^ y v^g»©«t-it t ibftiiai&^'r^ss J3*', 
utffljs@T?fe.s. 05 ( a ) fc«*:t; (b) izmnm+K- 

«fc^ffi»l73a*^¥®ia^fe*o ; (a);. (b)S« 

-30 .-. ^^Hj^^-r^fitS-efc*. @7 (a) fe v *^;:(b*i*' 
i*Ea^a)3Ei4a.(^a) tM^Fewit! 

,0 8 L< a ) I*. ^ 1 ®^ffi«)»@l?- ! 

j3ltS7^*3- x — * t^^y ^(DTiBPS fc*"^-: l' 

[00 4 5 ] 0 1 icfcivc. ksi^ v K<ae**«si v 

li. BMR^v -V KXttWS t* -prH-KT** a-x^x 
gp 6 j3*tfa-^7Wii-^ SU7 A^tC-5 2 Xf-. 
i?T/7^iX-^i fcft&VM&feTl**.- VTH^Tt 
^iX-^S?6l*. 7?falT« -X^y>^8tE.> 
40 ,1^1 6A"P>«lBE**VC . 0**^^7— AAvUtottB : 
1 o (^gF»3R0)«Bfflrom2^SHcffiS) icfetvca • 
-XT^falr- SWSW****^*^*^ '2 ; 
ltfii**v-5„ tt»<D*^*T-A 1.1 * v &**7' 

— A-?B«yf y 'V 2?) .1 3 1*. *-a>*-«iswtt3 

$*fCVCM$«t^L3-XT^75 1 3.X-^ai7^m> 

LtL>*.' . v. 
[OO 1 6] -73. 12 (a) . (b) Km* *>l=- 
ffFKSaa^ » K3tl#8l«l 5 tt. r5» K 1 * SIS Lfc- 

50 j?±MtU<l*l*ttM(DX^-<a' , 2.i:. **i*XJ#-r* 



^§12000-182341 



i»/ n*;UX -J ') >7 3 & P, ZHzx 5 -f ^ 2 
^TZtzVXD D - K tf-A 4 S*it ^6. *L 

8B-7-T -f X— $ fig 6 v a L«>{£ - 

B9 rt (fti*iS#©fcli©SK i 3El#95l£ffli) CJftvejt* 

«£tti:ct*i; sfci @2 ( c) i=^-r<fc5ic:'B(HHi' 

y #5<<«'i>*>-3 V^L&ftB 9 b.ifc)\r*t~? — ii A v 

U6&a 1 o troraizfcur. 2;£(jDi|a* i k 
x^y&^M 7 t"i #a>gt* i fl£<0**2>$x^y i>y 1 io 

[0 0 1 7] «fri5-fe>$X^y>-y 1 81*. 7ffal 

Uz*o>4M Kx:fy>>n 7i*B9te-fe>^x^y^^i 

1 8^raiCtt^W^#iiX— ^ • Z.Zf)>?80>&^ 

i2 (c) lc^-rj:5l^ Bfrf2T^^a.x-5» 
x:?y >^8 0>-9--f KX^yv^l 7fcil/t-tr>-Srx^ 
"J 18 kTtVLVT-Afr Ltofig 9 i: (DWIcli. IE 
SbB)V) J 2 5*t^Jjg$*l-Cl^-5 0 -tiiT. @3 (a) IZTjk 20 

r«fc5ic. ^©ffii!iigra2 s&mmx-fextomftiD- 
»©ESif 1 6*««(rSHT^^ix— ^ • xs/y >-?8 

1 > 21 (if itt»*<DssH©m 1 . m23z#®<Dmmi 

±lBffii*Kira2'5l*. Eam^-1 6A<Jt»@3£$ti^E 
*^»»{4a2 1 . 2 1 0H l=»« $ *LT t > * s - 30 
fO®si?8] ;75fdiH • X^'Ji/?f8|c|±SU^04- 
* ? i?iDIBtt^%^iStti^$fflt%. 04 ( a ) iC^-Ti ? 

i 8<DSt> i »/S*(i/$*fiv(L c ). t^fttiy, 
(WW L <*§*5l=a^L;. 2*<DtH- p5 

Xtf 'J >y 1 7 (D&gix I fl3A;Mi><*K ( W s f . W 
s 2 ) dtfc^T/U-K ( L s -1 . .L sV20 
^ «fc'5 IcSS LT fc < C £ »<38! U t\ 0 ^ £ © £ # ; -fe > 

*x:fy 1 8 fc<fctx-y--if Kx^y 1 7©/\-*ti 
BaiMstfB&Mtt* <s < a»-c#«fca& ; mmm*mw 

y>^ff8<D«js .(t a ) nmmm&fmsL^v K£#ti 

3X KOXtoKS (o— >V7>n-s- KStxtt) £#it '-'.> 
LL^ fe*yjl< L-fi*3i:-tr>*x^y>^i 8-V>} 

•y--f Kx^yi/^i 7«>/^« (Wc. wsi.ws v 

2) ^a<*DXT5^/<c<^:orLr5i T^^ 50 



a. X— ^ • X^y>^ 8<0tRI5^ t a = 2 0 0 juinlSa 

^ y >y 1 8 . kx ^ y >y ( i 7 fe/^^Bttvb^c 

tEJSSSO 2 0 0 um-£V lJb*&tt*"&&iZx$ D-f^fr' 

•6.' ■■ • "'* • • u ' ...i't.'C. i o .;• 

[oo 1 9] *fc, i4 ?»re*r j: 
>^i 7 ! obm7i 6«o>mia£^aaMfi^'W- 

X^y>?1 8t*-f KX3fy>^1 7^ifi^5lt*t«I5| 

teaiitt*^ < y ^ -v ranted (mnm+otzmmiz 
*• ax-^i <D±*ai*teT-r s ... mz g§st c d # 

< LTt^X7U^1 8 Kx^y ^l 7* 

Si6*l*<-tr>»x^y >^±*vs«a^'|fffl!i 

3.x-5r^jiiijs< an- l? #« 0 -tr^^x 
^y >y 1 8©)»St^^ KHMOSSSBi:, -y:-c Kx^fy 
>^1 7©Et«^1 6 HKDfflS^gp t ^ jfi^W* d 1 1? 

y. -y--* KX^y >^i 7<DEm^i 6fl!<Dfl!iaflt£ 

[O 0 2 0] »gAy h'«i|'Nni^^i|.t 

[002 1 ] - '••t •• ■ 'r 



0 03 

■• W> {" ; .i-.T'0"i'.> ; .*••+.. i* v 

[0 0 2 2] ZE1f,: k ^mtt«iHHMK. £l* :1ig|« 

[0 0 2 3]* S<Dffi««»tf.*»U\T«#Ktfa*f|B.v 

it«-r*/=»» 0K±©«n»i2*.y«»affi*»<:»3g r- 
Ea*^a>e»*nr(a) ttffi»g©o;05%safc !5:c 
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« , *»«2«©EmillTI=30V ; a)mEE* HUB Lfci§^. 

ES5gff-©asea 16*1 * . 

[ 0 0 2 4 ] £©E***«>M»#* «Mrt.*©i*> - 
7 ^ fl l,j .. X 3'J >^ 8 <D«t»*lsR(f 
1*025 (Lp : B4 .(b)' 4Hg) ^fcy. : fit*^>* 

£g<K£LT#ittf«fci% cro^^ftE^i e* 10 

2*1 Sfl£ L"C\ iZ (a) , (b) fc<fcl/ Co), IS* 
fj^ls. 7ff.il.-* • X?y >?8<Dfi^pfrfaa> 
«to.£>*l£»vO-T?E*3R : P .1 ■6©****. (S**ft> * 

fr*fclsIS«-f t©kfcv«l« 1-6<D.T** 
aX -* ■ X?y >?8^©}£&tMtl*~ 02 (c) © 
fcHHSBls^-f* 5l=ffiibBSK 2 5 .t»W^7-A 
A* Lto&Bffl t*X^>*> a L«#B«© 2 *0f,l= 

momm&w. (emitwhhmi) ii*;i^r-A 20 

A>L©tt««©tt««« -JE«**«*£«2 1,) ; l*-9- 
(fX^'J 7fe^>»X^'J V^t 8£©0©ft 
Bt)fe*J:3 l |=iaSW^<^^*^;*Ll^ 
[0 0 2 5] ai*M-fltr.>*ai-> vX7y<> 
ys^XDSlttlsttlfH^^ffl^^^*^ EaS^K 
(#7> K«7*fix-« • X^U >?ls.BiS; 
A^A^) .l=*oT»itl[|©»aH».eWt\** k IMittP« 

>^|sfi*&*i*fc»»»iB« l *^*^^ , * K< ^*- c . 
i: A<M* L l^A<. ***** &0 Ws7#; 

x-/y 

[0 0 2 6] C<D«fe -5 IST**^-* ' X^'J 8 
|sfcfc*;h.fc-**©Emf!t* 1 6 1*0 4. (a) *©C* 

1 ftME^f^fePiS*- B©*K KX^y • 

1 7 Kx? flte8g*^l=****>t****3* 

$ -tfc-Ss (0:4. Ca ) ;#!S)£<* 5 © 4r#« r f ^ 1^-* 
• X3?'J ii/tfSOiSBlcflt-pfcEm^y-l 6I ** es^ 

(•b>*.X^y >y 1 8fc«fc;tf*-f Kx?y 17) 
*Sge$#Tt>«. (04 (b) #0) . i 

[00 2 7] £c-*-c.< 2*o>E.nm*zm^~c&&'> 50 



b*t.4. 101*0 5 (a) iZTHir&vtiiffimmmtt 
-e. ioi±p0 (b) ,i^*j*«iE»^a^fc*. ; 
H*wi*aa>«*. 05 (a) fo ( i ) i-*-r*?i= 
-i-h ?.»«ttfcflrc i*Emm^ a fc £ b ©s:£ ispi 
ms (fijssaE :0*-ei*i.5v) £-5*.-cfc#v^ > 

KSS&*HSl*05(a) © t S i) . (j i 5) 1=*"***'. 

3 ,- % -^©Emm^i- ovs. fl&^roEm^isi*- 
3._ h =>^(D2fg«)mE (H*ttt3ov) *amn-r 
*„ ouz^y** (ov)©eih»«»***.* 

^ (3 0V) ©E*f***8'h*i**fct^fc£»"e«> 

*ffl»ffi»:5:£©^isi*. 05 (b) © (■) is** 
-f £ 5izxi- ^^©ttJreteEmss 1 ?- 1. 6Afc*t/: 

1 6BlCl*mE^AM+*^T?33f? MfE=OV) v 
Kffi»B#lSl*. 05,(b) © H i) . (» i i ) I- 

5 is, 0M0©EitiSHHs©<*iiE*EPfti ■«* 
-ei*3ov) u sm<r>mmM=f-\~\tm&^Ht^-a 

33 < ., Z.<T>m£i. ttV (ESlffll©) ESIf©**^ 

g, ! /2l-)&-5A<. K^^KO^-emE^HlttlL 
X tS < ^5^U*f=»*!I«ltt«"CEm* : ?-ls* ^ 
ax— St - V?*»OlHi («0»B*B**) **** 

[ O O 2 8 ] 0 61*. « 1 <Dj|IS0>»»0)7 T -f : 

■ x^y a* u-sra^ic^y > 

^izliffiK 2 O O //m<DSUS304^. Em3i^l=l* P Z T 
(LxWxt=2,5nmx1.0ninx0.2mni) ^pt^fcy 3 0V 
H]»ffla0>SKSl2J (80gf) &ft^*1±Xt^.L.E*^ 
<D*ttl=J: y . -tr>*X?y ><fS»|=*'f ,KX^,y>:j 

[0 0 2 9] 0 7 (a:> % % omm^WtOT^ T 

3.x— * • x*»J ^«|B^iMr^>ff 1WWWWW*v 

■aU0i.(tfn»Xv.«#b-C^.- Sfev.HH (b). 1*^: 
HJ60«OI>'7 t -f >7f /ft f iX— * ffl©P3R»^Fl4*'? ? t' 

■cas-yv «tti=ja«!» m z ) t v.*«fci=^?f > .(.# . : . 

B) l^i/sa^aViaSS. 

«N|j|-eft«. 02 4-esa^Lfcfit*a>2X-r-i?7<? : 

fai-$: (*SIJS« t I^«IS 2 ^QEm*^ is* l J T 
^^a.X-S« • X*J;^*ft**tH 6 A*i»t« 
^ -f Zf) iSifc^T. *SIJ6Wfl> 2 Xf-i?7ffil- 

■)« < . PftlsTft^x-* (Sway), * 



( 8 ) 
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[003 of mz 4 -e* LfctK*® 2 xf->7^fi 

? •> S^Stet* H G A ^ffiUftt* i lW*SATfHU ■ 
2 Xf-v7^fai-n K9^fr5?&' BE ; 

SblcMft It tea U T L> £ jST**3£BJ|<d 2 X-f- — 2*7^ ^ 
^x^&£iis&§ 0 ccDt**(02X^— vr^^ix 

— *(D«^ 7*^a.X-$ • X^«J>^a)ifi^fSjf-2 10 

• X3fy V^^ilSJ: y tlEm^CDffilS#%^ 

• x?y >^*^w^fpiic»or¥fTfciBaLrL^ 

HfrlBfi£3fea>2XT— ^r^^j:x— ^rfcit^r 

&/bi6v Km^cD^tta^li^Lrifflta^^ £o>Rtt 20 
[O b 3 1 l^fei WIBtt*(D2X^-i;T^^X- t 
nX-$ - XZftJtsVt ftmz-X0)V4 KX :7 0 

^^ii-* ■ x^y ><f&¥mzmft[zttmiz 

S*-t KEa l> T S £ t? f£#Mi? & 3 ( 0 2 4 # 

tM$mmmui*) i ^ffi/ * * t% r i> * sg 30 
cH^fi i oriHiteW^-tri/^x^y >y±l±K£-^£ ■ 

T? £ £ <t <£ t , BflBSft^ □ — KJ*7 S>.d - KW^ti ^ 

[ 0 0 3 2 J: : £2ttS||fc^ai&&l\rUrt# i* 
^ LtKMirSrH 8 (a) r*v--*2 04|jkftJMftf=£lt 

^Jfi(D^fi§-eft. t^^zlx— 4r • x^y s-rzHit < 
fcfci** * 7* ^a. x-^$ ^ x y i>^s^ 



• x ? y >y <Dfi#^rsitt)*^tt £ iSS^*55rra \z 
M£"f 6cfc-5l::KaLTl>£ 0 c<z><t^ tte^MOi; 
x-^y >^ i a ttiWB^Hf Kx^y i 7 cfc y € 

^ricffla) iigeB$*u y 

4iT^^J.±-5r - X^y><f(DS#»ra<Ditii(^^ ! 

fz^a * ^tv^ . z a> t -»cDEm** 1 6 iir 
^^d.X-4r - X3fy >yg^ig6*'£^^A/W 
fTicgBa$^ -fe>irx^y>^i 8<t^ Kx^y > 

fi^ 2*ogiA i^<Dffi/<*r*fc^-9--r Kx^y 
iz& v g it 5 « jt-e & & *£ ^6; h g a £SH5if jw&eK 

1 0 0 3 3] ;AfC. ^ 3 (DUiSfiflD^ffi^OlxTBS ^# 

1 o^Sfio>^8lt?f*v 7^fn-> • x^y >^f3g 

KX^y ^^fax^ - *yv><f& 

ttftti&ti&izmftijft^ 

mmnmrnvit. Kx^y >yr 7 ^hg-awsa 

■ x^y -->yifl!>'*¥^i«0+it»**^^wisiE*b- 

*>*x:7y ><fi s l*^«ttB4»^l*^WC*iD*» ; ; 
raiwatfbv *ib2*<»^hp Kx^y ><f i 7fi v ffiriH : 

ESS i : 3t»««l<SrtrtjW*i tt*"* 5lcfflE*'£>lft£X { 

*i 61*. jffl!B7^a.x-$ • x^y>^j|fcfetvt\ic 
Wia^i&li^tttffiBf-e. «T«B» 1 3£»tt«|<Z)]BIW<fc y> ! 

*^sb^ Kx^y >>y 1 7^s*^t- r 6 li. Btris^ 
>r Kx^y^ f 7 cos^^rpii ffiriHEmm^ We o>m 

too 3 4 J C(D <fe 3eEM^%^'U|#l4^9 ; 
tot^^cfc^fciEg-r^cacjcy, E»fi*$«fcys 
c^<pj^ic^5o Kx^y 70ift; 
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[0,0 3 51 m4<P*m^® l Sm^" C ^ iB ^ 
SI 1Q (a) ;fc«|:U?,(b) If, !M<D 

iflraircfc*/ ei 1 1 ( a ) &*if ( b ) i*. m4<p 
g|jfi«i=te its 2 xf-i?rw?i-« 

(a). tS*lf (b) li..^4ro*«5«^fclt^2^-r- 

[0 0 3 6] H971SH1 1 |C^-^<fe5.l51. fg4<D^JS 

• XTf'J >^8S±»T^ J f 9 ■■ 
1 9 (ftttS#05*6ffl<PlBl *^'J >^SBI-«^> v T 
g 7 /, fa i-J • XZfVXfZO (*#S*FB»*<piSIB(D 
ft2X?-U»#*l3ttlt> ««?»fC. t6^±T2» 

1 Stt^fcT^^X^* **3$2*#<D***rt<** • 

? >j > ? s © => *> v ±»r.fc**x-* • x 7 y c 

7 05^ SJ^fal- * ?;X ? y > ^*%73 
T,- C*lb±a5T^^X-*.tr^y^ 1 9. T9S 

T * * ax-* • x ? y > t i? 2. o>f b$ y ^bitm&fj-* 
h z.t ia*o.r-*;a.*®T«*^-t* * x?y 8 
ufc t #v x ? y 1 8*<±#is 

[OtOa^lrfcfcV JeSUT'S'^ 
ax— i • X^'J 1 { 9,l=-y-r< KX#y 1 7 *• J 

. x 2 oi:hi>*x? y v 

^l 8«S5lLfcW KX?y V*1 7.*-fe>*X.3 
y >#i ».*»**«i!i»» , ^*«l*».*M^»-k»fe T * 

— #xtS* Ki«»«*H»!afC* *v^-i. 5»fc*» - ■ 1 2 

(a) |Cjfof«fc5l=. ±§»75fH-5 .X^'J>« 
1 9058US ( t 1>.>fcT»X3f'J>4f:2 0<D*» ( t: 
2 ) l*$ L < J: %J=HE U ±T 28W>T* ^a.x 
- x^'J >«*j»V«*HfC 1 ft(07*fal-^ 

• X?y >-7-*^fiEUfci:#<0«B ( t 1 + t 2) liffl 



20 



30 



;.. 40 

ft? 



1 <D2Xr— 5/77fH- $0>filf (t a) 

[0038] *fc. 010 (b) lC*-TJk5i-v TfflIT 
/, flI _j . x7U^2 0 (CfeSbRfflSI . ( Lpl) 

^^m.<f)wm<r>^zwsmm\m^ it. ±.utv 
, x?y >?<p<nwM!J a R y),. c*#f»m 

—st • x^y xrmwmvm <l p u) ; a>ft£i*ft»3§: 

•elUU.' |3B#l--tSt7**iX^-* • X;"?y 

( l P u) ©■fc»**u*»-eWI3F*t* i <0 1 o 
(b) #n) .■'»»**itf. *i,i«nww>^ r 
*<«i7j<*: y j£< ss^**v* = * nme.m% Wf 

fg^1 6(D«IIHT4;^^x— S« ■ x^.y>4?l=»^'«H 
SI*. Etf^l 6(pffia73lpl©-45Si:<teiS^fJSBSS5 

[0039] Z*l\Z&V, Will** m 2 (a) 
j: 5 ic. ff«iR* 1 6 fl)»H««ii©fPi:.il« 
®o>il73-e5i«-c^*fc«>v ffi«*-^.©tS&*<aHl=*: 

tic ±»77fii-* • x-^y ( t , 

p z t> *iiA?>-rc t let y (^©Brisai-^^ 
ffis&-s>teiat±!-e*vfc 2 x^-^^fix-ai *s 

[ O 0 4 O ] @;1 2 ( a ) ©WCI*. ffiSBiW^^ *Sl.4 
X-* • X^y XftTBTVI: 

oiWLmzmct^tztf.. @i 2 (b) ic^-rwci*v«i 

SEJtaBT^^iX-^ • X?y V^fc^SPT^^iXpTi 
-Si . X?y >^©fii$i*tfc#;;f«77fiXr ;; 
^ . x^y >^0>«» C * 2) ,l4xSBT47^iX^'S« • 

x^y >4f«>«» ,c 1 1 ) i-tt^T'hS < uz>*oi~& ; 
su-ci^. ccoa^-etiSS-TSPtor^^iX-^ 

• x-^y >«*iSM.*b**tte*®zft**^ ,! -* • x " 

8 ©«H :( t a ) tt«|fgff 1.»S»3 <D^Si<D 

[OO 4 1 ] C*US* y iifiabfcite 9 ftiSH.: 
;, flI - $i , x^fy ^19; 2D <DffiibKiraa>7c# j 

«^*1 6«>±». T»T47^aX— > - X^y >4f1 ; 

9. 2o<D@mi-»-rsm^iia.mi-^ia^«s> '** ' 



50 
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ix-^ • XJH'ir j'ftiim. ( t 2) i±±ssf ^^ii 

OmMt^ HH-2 (a) ©J§i#lCJt&i¥ , : 

l=*-y feT L%tUS5 '.^jftg (we ) < ggjgf 1 

[ o o ; 4 2 j m s ©njfi©f^ssfe^t^aa^# 

SBLirUiWySd Hi 3©( a ). (b) -fejEu: u) 
( J> ^<b);££iM C ) i*. ^5©Hj(ia)^®©2 

3t ; *M^-r^gSKl%a6S„ 01 5 (a) . (b) 

If ( c ) ft< IB 5 ©*Jt<Ofea§© 2Xf-575faI 

-* »^+SE«**<D»«£fci8 tfcBBB***/- 

co o 4 3i^ci 3 m&^y K^mui 
5iiD-Ke-Asi!4^«gi-cafiE$*tTos 0 o-k 
e^ASB 4 1*. i ft^Btt-cfejss+ir fc y . ■ * 

Ti p-^Kt*-ii l ^4tt. % 1 ©niso^as-ciftgt,*. 
>^s©B t m#SBis^sF*i^ a^« 2 si*. t** ••; 

ii-* . *jf y >y 8 2.3t»liHcB*## t *aB 
954 Bl*;--5*fc»<4 A 23 £Hiiir**f ft*' 

KtiHt'*fe;-BB4<BBtt2 3ft«B#tiiet^. z<o 
ffrSEn-^- Kif-A4T?jiiE,i l f=ffis^¥6c6B 
( L P s a? 014(b) #»> (^»|»*©MB - 
0P- Ktf^ABBMBHIKffilJS I*- ! S9fl37^^iX 

1 4 (b) #b) <fc y *s< fc^^rsasct 



10 



20 



30 



40 



[Go 4 4i cftri*yc,B«^=> faftftrtts*?* 

^iX^iSI . X^y l>^-tfX7K^|i-&Jtif| = £ ».. 

y &*Lfe£#oBBBBB 2 5 Jlx^5r' i" 

#S&-t?^ d— K tf— A 4 4 A i«Sl«2 3(0- * 
tt*BBBn-2 s £ 5 

&S682 1 ^BB^e^^t^^ia-^^i^x^ij 
y 8 i: Ktf-A4 (fcj: tf^ffi 2 3 ) CDfPHSi "C - 
L^Ba>BBBtiumiiB9F«tr^«'^£(t«;«-^B|i 4 . 50 



(b) #B) . C©L^(bE€*^3Sfi{tgp2 1 1C 
B*B©fftB^ re'fStf)^ ; "B#0!>BB i: £** 
®*S*SIJ^IC J: y@^-r^C ; <5:|Z<fc oT7?*al- 

tf-A4) tEB^f eii^^^^vmm^^ 

f y k tf— ABBftBra il p '•iftto££teg 
j$^sb& (®B) ^fe^s^ri^v'-t'ijT, 

[O O 4 5]i*fe, mo- Ktf— A4 eftftt* 3 <t 

5^t^^zlx-^ • X^y>y8i=^ (ffl^T) 

Lfc^ (C<Ot#aB<fi2 3<0SBfit P— K If— ASH 4 

iH»7{»>ai- ji ■ x^y^aic&^-r-S) 
n- Ke-ASS4 t*i^«[2 3 £«B»T«BBB4 B 
^«J^1-^J:5l^*i«J!nx^^T?fe§ (014 
(c) #B) „ 

[004 8-fawcj: y. *swfcfiaBB£&cit 

*4.-©BB<D»B©»#£B#£VEB«*-r6©- v - 

»^fi^Bf-©TBtBBBB©B5Ef-cB^#*f- 
toS^A<BSBl^/d: y J B «fc « 

<D«J?# (t a ) /«(t||BB$ (0T 5 ••(a 1 )--#B)-* 

(5< B*«r£ t#-C#*V ftS t*ia^M's||^Sl^#^" 
L : f ##E«BT- 1 6©#* ( t P Z T) ; 

5 I® * 5 (b) #B)' „ *fc-H 5> (c) ic^-f J;' 

T4P>T^^ix-^^BBB<OBtt€8S<^«cifA«-c 
*«'fe«MflBB^MttltlNi;fe £X¥-**>r-**£ 
x-^*BBfid <t # C'ffWBElAMf 

^**fc»»«B^©BSIii<#j| f l=«« 0 < • t •;>■•.', 
[00 4 7 ] Be-©-jiBoBBl=d«^BB*# 
BLTBB-rS. Bi 6 (a), (b) te«fct; ('e) •• 

b 6 amm0»m&titt*zx+-xi>r-**±±^#& -i 

B**'^BaBte«fct;»B01?fc*.''0 1 ! >:(^); . r - 

( b ) 14, B 6 (0Hffi(D»B<b 2 x^-^i?T>» x- 
a« ^^-T¥®0. mf8.®V3£>& 0 018 ( i ) .. ( i - 
i ) iSXXf C i i l i ) ' l4.^B6©BB©Bft<02XT- 

[0 0 4 81 0 1 6l=fct%t. B4'<6Btta>BB0!>«« 
ir^fillz. ^|c7^-^a.x— 5r ■ X^'j>^8$±T 
2tk©»tAB«-it?1KfiEl>. C©5*»±6Sr^dx-* 
•X^y>^i 9(=(4^»0>fitM»fl!)*-f Kx^y> 
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•71 7<D*Z7<7T^-* ' X^'^W**®* 
7 ^ f a l-* .X?U>?2 Ol-I*, 1 *<*>&^ !•» 

'J p*ftSy^*?*T 1 »<9T^f-3.x— * ;•; 

[O O 4 91 tfe.:±*7,?fal-^ t *^'J 
«I***<«::T»T*;*-*X-* * X^'J >*2 OlCl*^, 

ij 1 8 * y *M>#T— AfKDfiffr dttfU^^ffiB - 
5 ^ _ k> -effiift-r aE®^ 1 6 (DT® jdMMMMtO i 

Ltofia9*^^fiBI-'*- tMBT**3.x-$«. • X? 

B(D@^SiH-«^)i A<»l+**t T Ct»*i -lEWtittX 
K-X 2 6 1*, i#IlB^S»^^ fal-J-X^'J,^ 2- 

mse- i 6 1*. tenmrmMx*-* 2 e t«ifBTfflT 

/, f;Ll _9 . x^'J V?2 Olc«**lfcttffi^ :«TIB 

[00 50] ccD»y=e-K (1 • 5*-K) -cttM-f 
t'6;l*. H1.8I=3«* : *3.I^W*HI*^'C 
mE^A>ltfct*JiliA < WI^»**5l-Sgl!)^'S)fc ?. :* 

IgBi^lc^^aJXffrtEESSl^^?.^^ 2 6I=I*. 

IIBEft******* (t PZT) fcSirSExSlT** 
ii-ai > X^U 1 9<D«OT: ( t 1 ) fctt«l»&&-- 

g^^^-^ 2 o 1 6 <j>±m t \zm-*m * : 

=e- K) -effiKrf .&^**coE»5e-£*lffl ^ 2 x-r^;-. 

-eiiEmm^A^Em^B t ©■*i=-3g©«ffi?c* • 
iwmE : en s c i >. 5 v) zmmux&zz 

=.i^«>9JUfta>2fSa>SE (Hi 8 <i r) ,i (i fc 

•) ttfl*30V) fcEpjnLT. S^CDEm**^!!) 



[O 0 5 1 tEpWf^Ml.?.**-?^'*? 

[00 52] c<0tf. 1; > h • 7 P •y^l^ttK 

-r^fgl-l*S2 5 (b) ic^-T J: 5l-fc6-*KDEm3l - 
^A<HGAg#*l»Jl-3ESI- (j&y) ffiSbL. 

77^>7?fai"^ mMMMWHW** 1 ** L H G 

ofc. • ! " " ! ' : 

[OO 5 3] Ctl.l=»L-C; p6©*lfta)»«l=i3«+5" 

X^'J >^ ; (»MI|)ftHI4.TpSt*!««»- 

^T5fc$i 2 ' ' ' .'■.. J -Vf?;K;:.^ , " | .t T i- ; 

[OQ5 4] *R« 7 ©^J6<D^»lSiOt>?egl»*#!Hl5 
L^BWS-r*. B-1 7 (ci)l±. ^<0*JS0>^SS1=*Jlt?: 
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claims ' ' ... ' u : ' 



[Claim(s)] . . ' . % ... ■ ; . M ;. . < 

[Claim 1] It has a magnetic-head support device and 2 stage actuator. Said magnetic-head support device It is, constituted so; . 
that the slider which carried the magnetic head may be supported. Said 2 stage actuator The fine actuator section to which the 
minute amount variation rate of the! magnetic-head support device is made to carry out in the seeking direction of said : magnetic 
head. It consists of the course actuator sections to which the variation rate of said fine actuator section is madeto carry. out in. \ K 
the seeking direction of said magnetic head with a voice coil motor. Said fine actuator section comes to have the sheet metaH 
like actuator spring and two piezoelectric devices which support said magnetic-head support device. The minute amount, 
displacement to the seeking direction of said magnetic head of said magnetic-head support device The magnetic^head 
positioning device characterized by what said two piezoelectric devices are made to generate driving force by impressing an : 
electrical potential difference to said two piezoelectric devices by turns, and is performed by sagging said actuator v spring section 
elastically with said driving force. 

[Claim 2] Said actuator spring is a magnetic-head positioning device according to claim 1 characterized by haying the 1st 
supporter which supports said magnetic-head support device, the 2nd supporter supported by said course actuator section, and^. 
the spring section which connects between said 1st supporter and. said 2nd supporter. ^ « ,r 

[Claim 3] Said two piezoelectric devices are arranged in the part which sandwiches the medial axis of. the. longitudinal direction of . 
said actuator spring on said actuator spring. It is the magnetic-head positioning device according to claim 2 characterized by 
fixing an end to the part of said 1st supporter, fixing the other end to the part of said 2nd supporter, and forming the drive. • - 
clearance for said piezoelectric device driving between the part of said 1st supporter, and the par^^f said 2nd supporter. 
[Claim 4] It is the magnetic-head positioning, device according to claim 2 characterized by for said spring section coming to have . 
the center spring which, consists of a flat spring of one I form, and the side spring which consists of a flat spring of two I forms,,. > 
for said center spring extending in said direction of a medial axis on the medial axis of the longitudinal direction of said actuator r 
spring, and said two side springs extending in the direction which intersects perpendicularly with said medial axis in the part ; , 
which sandwiches said medial axis. < 

[Claim 5] Said piezoelectric device is a magnetic-head positioning device according to claim 4 characterized by being arranged so 
that the driving direction may become parallel with said medial axis. : v 

[Claim 6] Said spring section comes to . have the center spring which .consists of a flat spring of one I form, and the side spring , 
which consists of a flat spring of two I forms. Said center spring It extends in said direction of a medial axis on said medial axis. :, f 
Said two side springs The magnetic-head positioning device according to claim 2 characterized by extending in the ; direction 
which intersects said medial axis in the part which sandwiches, said medial axis so that spacing by the. side of said 1st supporter 
may serve as size from spacing by the side of said 2nd supporter. ;. J ,; iK : ,. r : . . u . . \ s .> 

[Claim 7] Said two piezoelectric devices are magnetic-head positioning. devices according to,<clajm;6 which, are the part which . r 
sandwiches said medial axis on said actuator spring,, and are characterized by being prepared, so that. spacing by the side of said ; 
2nd supporter, may serve as size from spacing by the side of said ,1st. supporter and the driving .direction of said piezoelectric - . 
device may intersect said medial axis. " ^ > rr ( • >, . w v U > ju- 

[Claim 8] Said side spring where, it is located in the same side to said medial axis, and said piezoelectric device are a magnetic^ t 
head positioning device according to claim ; 7. characterized by being constituted so that the: extension direction of said side, - r ; ~, 
spring and said driving direction, of , said piezoelectric device . may. .intersect perpendicularly mostly and may .cross. , r r r:5: n n, . 
[Claim 9] The fiat spring of I form which the flat spring of, I form, which constitutes said center spring; is constituted so that spring; 
length may become, almost equal compared with, spring width of face, and constitutes said side spring is claim 4 chanacterized r byu 
being constituted so that spring length may become sufficiently long compared wrth spring wio^ of face thru/prr a magneticr-head 
positioning device given in any 1 term to 8. LJ . ; * ,. - :;o v ^. 5 i '* . ' ,u ;.: v;r \o.,%-u..^- st iw^ 1)1=* 

[Claim 10] Said spring section comes to have the center spring which consists of a flat spring of two I forms; andvthe side, spring 
which consists of a flat spring of two I forms. Said two side springs It extends in the direction which intersects perpendicularly 
with the media! axis of the longitudinal direction of said actuator spring in the part which sandwiches said medial axis. Said two 
center springs The magnetic-head positioning device according to claim 2 characterized by extending in the direction, ,whjch 6 ,.,, ts , , 
sandwiches said medial axis and intersects perpendicularly with said 2nd supporter with said medial axis rather than said two side 
springs in near and the part near [ springs / said / two / side ] said medial axis. 

[Claim 11] Said piezoelectric device is a magnetic-head positioning device according to claim 10 characterized by being arranged 
so that the driving direction may become parallel with said medial axis. ' 

[Claim 12] Said two piezoelectric devices are arranged in the part which sandwiches the medial axis of said actuator spring on 
said actuator spring. An end is fixed to the part of said 1 st supporter, and the other end is fixed to the part of said 2nd 
supporter. Between the part of said 1 st supporter, and the part of said 2nd supporter The magnetic-head positioning device 
according to claim 4 to 1 1 characterized by forming the drive clearance for said piezoelectric device driving. 
[Claim 1 3] Said actuator spring is claim 4 characterized by consisting of sheet metal-like the 1 st spring section and the 2nd 
spring section which were joined in the condition of piling up in the thickness direction, preparing said side spring in one side of 
said 1 st and 2nd spring section, and preparing said center spring in said another side thru/ or a magnetic-head positioning device 
given in any 1 term to 1 1 . 

[Claim 14] Said two piezoelectric devices are arranged in the part which sandwiches the medial axis of said actuator spring on 
said actuator spring. The end of the driving direction of said piezoelectric device is fixed to the part of said 1 st supporter. The 
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other end ot the driving direction ot said piezoelectric aevice is a magnetic nwu pu^iuunmg uovi^ «^.«... B ^ 
characterized by being fixed to the part of said 2nd supporter and forming the drive clearance for said piezoelectric device 
driving between the part of said 1 st supporter, and the part of said 2nd supporter. I 
[Claim 15] The 1st drive clearance where said drive clearance was established in said 1st spring section, Consist of the 2nd drive 
clearance established in said 2nd spring section, and a step is formed in the part of said 1st and 2nd supporter, respectively by 
one side of said 1st and 2nd drive clearance being set up more widely than another side. The immobilization to said actuator L 
spring of said piezoelectric device is a magnetic-head positioning device according to claim 1 4 characterized by being carried out 
where the end and the other end of a driving direction of said piezoelectric device are inserted in said s|:ep: 
[Claim 16] The end section holds said magnetic head and said magnetic-head support device is equipped with the load beam 
section to which the other end is joined in the condition of piling up in said actuator spring and thickness direction. Said load 
beam section is equipped with the body section joined to said 1st supporter, the back-up-plate section joined to said 2nd * ^-. A ; 
supporter, and the Division for Interiibrary Services which connects said body section and said back-up-plate section. Said 
Division for Interiibrary Services Claims 2 and 4 characterized by being constituted so that it may be cut after said body section 
and said 1st supporter are joined and said back-up-plate section and said 2nd supporter are joined thru/or a magnetic-head^ ' 
positioning device given in any 1 term to 11 and 13. /'^V ,^;,*5 .. J{* ■ V, 

[Claim 17] Said Division for Interiibrary Services is a magnetic-head positioning device according to claim 1 6 characterized by 
consisting of supporter material of I form where the end was connected to said body section and the other end Was connected to 

said back-up-plate section. ' . ~ , , ; 

[Claim 18] Said two piezoelectric devices are arranged in the part which sandwiches the medial axis of said actuator spring on 
said actuator spring. The end of the driving direction of said piezoelectric device is fixed to the part of said 1st supporter. The 
other end of the driving direction of said piezoelectric device is a magnetic-head positioning device according to/claim 16 or 17 
characterized by being fixed to the part of said 2nd supporter and forming the drive clearance for said piezoelectric device ' ; 
driving between the part of said 1st supporter, and the part of said 2nd supporter. ; '.^ . .]. . .. ,. t 

[Claim 19] A step is formed in the part of said 1st and 2nd supporter, respectively by a load beam side drive clearance narrower 
than said drive clearance being formed in the part corresponding to said drive clearance between said actuator springs between 
said body sections and said back-up-plate sections. The immobilization to said actuator spring of said piezoelectric device is a " 
magnetic-head positioning device according to claim 18 characterized by being carried out where the end and the other end of a \ . 
driving direction of said piezoelectric device are inserted in said step. ^ 
[Claim 20] The end section holds said magnetic head and said magnetic-head support device is equipped with the load beam " ; \; 
section to which the other end is joined in the condition of piling up in said actuator spring and thickness direction. Said abt^or 1 ^ 
spring consists of sheet metal-like the 1st spring section and the 2nd spring section which were joined in the condition of piling 
up in the thickness direction. Claims 2 and 4 which said side spring is prepared in said 1 st spring section, and said center spring 
is prepared in said 2nd spring section, and are characterized by things thru/or a magnetic-head positioning device given in any 1 : 

term to 11; ... 

[Claim 21] The body section by which said load beam section is joined to said 1st supporter by the side of said 1st spring 
section, It has two fixed parts which meet in the part of said 2nd supporter of said 2nd spring-loaded sideVahd'the thickness 
direction of said actuator spring on both sides of predetermined spacing. Said two fixed parts It is arranged in the part which 
sandwiches the medial axis of the longitudinal direction of said actuator spring. Said piezoelectric device Are constituted sathat 1 
it may slide in the thickness direction of said actuator spring, and the direction which intersects perpendicularly and may drive; 
and slide mutually [ said piezoelectric device ], and two end faces to drive The magnetic-head positioning device according to 
claim 20 characterized by being fixed to the part of said 2nd supporter, and the part of said fixed part respectively in the ! 
condition of having been inserted between the part of said 2nd supporter which meets said fixed part, arid said fixed part 
[Claim 22] While said load beam section is equipped with the body section joined to said 1st supporter by the side of said 1st ? ^ ^ 
spring section and being fixed to the part of the opposite side said 1st spring section side of said body ' section The holddown ! : ' ; 
member possessing two fixed parts which meet in the part of said 2nd supporter of said 2hid sprihff-loaded r sideband the thic^riess^ ^ 
direction of said actuator spring on both sides of predetermined spacing is prepared. Said two fixed parts are arranged in toe-part ^> 
which sandwiches the medial axis of the longitudinal direction of said actuator spring. Said piezoelectric device ^ ^nstrti^d^ 
so that it may slide in the thickness direction of said actuator spring, and the direction which intersecfe perpend 
drive, and slide mutually [ said piezoelectric device ], arid two end faces to drive The magnetic-head positioning device according 
to claim 20 characterized by being fixed to the part of said 2nd supporter; arid the- part of said fixed pari respectively in the ; - ; 
condition of having been inserted between the part of said 2nd supporter which meets said fixed part and saidfixed part. ! ^ 
[Claim 23] They are claim I characterized by being constituted so that said course actuator section may support two or more ' 
said fine actuator sections and it may carry out by the Variation rate to said seeking direction 5 of said fine actuator section by ^ ^ 
said course actuator section bundling up said two or more fine actuator sections thru/or a magnetic-head positioning device : 
given in any 1 term to 22. f .'-kv 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] . ■ . . 6 

[Held of the Invention] This invention relates to the magnetic-head positioning device in disk units, such as a magnetic disk drive 

or an optical disk unit 
[0002] 

[Description of the Prior Art] The recording density of a magnetic disk drive is increasing at the pace of an annual rate of 60% or 
more by a raise in BPI (Bit Per Inch), and high TPI(Track Per InchHzation. Although reduction of the head flying height, adoption 
of the high magnetic head of sensitivity like MR (Magneto Resistive) head, or an efficient signal-processing technique is searched, 
for for a raise in BPI, in addition for high TPI-ized implementation, an improvement of the positioning accuracy of the magnetic 
head serves as an important technical technical problem. For example, although the direction consistency of a truck is made/into 
8 or less kTPIs and a track pitch in the recording density of 1 Gb/in2 and it is about 3-4 micrometers, since track density is , ; ■ 
made into 25 or more kTPIs and a track pitch in order to attain two or more 10 Gb/in recording density, and it is set to 1 
micrometer or less, as for the positioning accuracy of the magnetic head, 0.1 (it is 10% of a track pitch) micrometers or less 
come to be required. . * •: . 

[0003] The conventional example of the magnetic-head positioning device (positioner) in which it is used for a magnetic disk 
drive at drawing 19 is shown. This magnetic-head positioning device is called the rotary actuator method which carries out the 
rotation drive of the magnetic head at a radii form, and it is constituted so that two or more holder arms 11 and the arm block 
(carriage) 1 3 equipped with the moving coil 1 2 may become pivotable in the direction of an arrow head A (refer to drawing 19 (b)) 
focusing on the revolving-shaft receptacle section .14. The magnetic-head support device 5 (a suspension or HGA:Head Gimbal 
Assembly) which supports the slider 2 which carried the magnetic head 1 is connected to the holder arm point of said arm block 
13 (refer to drawing 19 (c) and (d)). Moreover, the moving coil 12 installed in the other end of said arm block 13 is combined with 
the external fixed magnetic circuit 15, constitutes VCM (Voice Coil Motor, voice coil motor), it generates driving force, carries 
out the rotation drive of said magnetic head support device 5 on a radii orbit in the seeking direction ( drawing 19 (b): arrow head. 
A), and makes the magnetic head 1 position to the target truck on a medium by impressing a predetermined drive current to said 
moving coil 12. It is divided into the seek operation (tracking) which moves the magnetic head to a target truck location from the 
truck location of arbitration, and the follow actuation (following) which makes the magnetic head follow on a target truck with . 
positioning actuation here. ■; * 

[0004] Since the conventional magnetic-head positioning device drives two or more magnetic heao*s by one VCM to coincidence,., 
its truck flattery precision in position ing-accuracy division following is not enough, and it is becoming impossible thus, to 
correspond to the equipment of high TPI'as which a ** track pitch 1 micrometer or less is required as mentioned above. Then, . 
with the carriage drive by VCM, research of 2 stage actuator which makes each magnetic head drive according to an individual is 
advanced independently. The part made to drive according to an individual, can roughly divide this 2 stage actuator into three, 
kinds. That is, they are the head component drive method ( drawing 20 ) which carries out the individual drive of the magnetiq- 
head section, the slider drive method ( drawing 21 ) which carries out the individual drive of the slider section, and the HGA drive . 
method ( drawing 22 and drawing 23 ) which carries out the individual drive of the magnetic-head support device (HGA) section. r 
[0005] Although the head . component drive method shown in drawing 20 embeds the linear actuator A2 of an electrostatic drive , 
mold which applies a micro machine technique and has ctenidium structure in a slider A1, since processing difficulty is high, if , the 
yield is bad and an impact is added in the movable direction; it has a variation rate or the fault to destroy easily, and has not yet 
resulted in utilization. In addition, in drawing 20 , A3 is the magnetic head and A4 is a magnetic-head support device (suspension). 



[0006] the slider drive method shown in drawing 21 — the, silicon micro gimbal Bl. and a planar mold — elec^omagnetism.— , w ; t 
although it is the structure which combined piggyback micro-actuator B-2 of a drive method; since the coir patterned, layer which x; 
generates induction field is not thickly processible, the technical problem that sufficient driving force is not obtained is held. f . ^ 
[0007] This is divided into two kinds, a forceracceleration moid (high compljance moid: drawing. 22 ) and a forcerdjsplacement ; v 
mold (high SUTIFFUNESU: drawing 23 ), by whether the generating force pf the actuator for a ; HG# drive is proportional to- > ; rt n 
whether rt is proportional to the acceleration of the magnetic head, anda~variation rate although it is the HGA drive method , 
finally shown in drawing 22 and drawing 23 . .. ; . A y n 1 

[0008] In 2 stage actuator of the force-acceleration, mold (high compliance, mold) shown in drawing 22 , the type which small : . iS 
[ VCM ] is built [ type ] to a HGA joint and carries out the rotation drive^of, the magnetic head, according to electromagnetic ,,■ 
force is in use, the flat spring CI of a cross-joint form and the flat spring (Japanese-Patent^ No. 260680 L b Q9 to, ]^ 

official report) of I form are arranged to the bearing of a micro-actuator, a flat spring is sagged with ( driving. force small [ VCM I ], ( } c.: 
and the rotation drive of the HGA is carried out While a big drive stroke is comparatively obtajneq\ by the small current in the, p: . ^ , 
case of this force-acceleration type of 2 stage actuator (small VCM type), since rotation rigidity of a.bearing spring (a cmciforrn : > r , 
spring / I form spring) cannot be strengthened, actuator main resonance (axial rotation mode) appears in a low frequency band,.,, - j 
and it has the problem of narrowing a servo band. Moreover, in using a digital controller,, since the sensor which detects the , 
relative displacement of the 2nd step of actuator with the 1st step is needed unlike 2 stage, actuator of the force-displacement 
mold mentioned later, there is also a problem that a system is complicated. .:••« ■ 

[0009] On the other hand, 2 stage actuator of the force-displacement mold (high SUTIFFU mold) shown in c^wjng_23 grange- a 
piezoelectric device D2 in the junction location of the holder arm D1 and the HGA section D4. and make the HGA section D4 
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drive using the piezo-electric effect, and as shown in this drawing, a piezoelectric device D2 is embedded directly at the point of 
the holder arm D1 . The HGA section D4 which the parallel flat spring D3 of the pair really constituted from molding in the point of 
the holder arm D1 was sagged by distortion of a piezoelectric device D2, and similarly attached it in the point is made to drive. - 
[0010] Moreover, recently, as shown in drawing 24 , small actuator Spring-8 is arranged between a holder arm and HGA, and the 
type which makes HGA which the piezoelectric device 1 6 of a pair was fixed on it, and actuator Spring-8 was sagged, and was 
connected to the edge drive, the type which makes the HGA section E2 drive using the thickness slip vibration (1-5 mode) of a . 
piezoelectric device E1 as shown in drawing 25 are announced. 

[0011] I 
[Problem(s) to be Solved by the Invention] Construction of a servo system is easy for 2 stage actuator of a these force- 
displacement mold, high-speed operation is possible, and since it can design to high rigidity, there is an advantage that a large 
servo band can be taken, but since the displacement stroke of a piezoelectric device is small, the head movable range by the, 2nd 
step of actuator becomes narrow, and there is a fault of receiving a limit in the truck flattery engine performance. In such a case, 
in order to extend the drive range of the magnetic head, it is necessary to design an actuator spring but so that a drive scale ' ^ 
factor (the variation rate of a piezoelectric device the amount of drives of the magnetic head to an amount) may become large, ^"..J.'! 
and if it becomes so, shortly, actuator support rigidity will become low and dependability (loading / unload endurance) will fall ]' 
victim shock-proof ability and over a long period of time. Moreover, although it is necessary to enlarge thickness of a. , . _ n 
piezoelectric device for obtaining sufficient driving force since the generating force of a piezoelectric device is proportional to ^ 
the cross section (and applied voltage) of the component section, the mounting height of 2 stage actuator becomes large in that ' 
case, and mounting of a between [****] becomes difficult. 

[0012] It is in offering the high speed and the highly precise magnetic-head positioning device which this invention is made based i" 
on the situation mentioned above, and the ** track pitch (less than [ track pitch 1 micrometer ]) of 25 or more kTPIs of track 
density can also follow the purpose in the magnetic disk drive exceeding 10 Gb/in2 of high recording density, and 3kHz or more' ']". 
of servo bands can be secured. ' "J 

[0013] • / . ' ];'."'^' % ] 

[Means for Solving the Problem] The magnetic-head positioning device of this invention is equipped with a magnetic-head 
support device and 2 stage actuator. Said magnetic-head support device It is constituted so that the slider which carried the 
magnetic head may be supported. Said 2 stage actuator The fine actuator section to which the minute amount variation rate of ; ? 
the magnetic-head support device is made to carry out in the seeking direction of said magnetic head. It consists of the course 
actuator sections to which the variation rate of said fine actuator section is made to carry out in the seeking direction of said 
magnetic head with a voice coil motor. Said fine actuator section comes to have the sheet metaHike actuator spring and two 
piezoelectric devices which support said magnetic-head support device. The minute amount displacement to the seeking 
direction of said magnetic head of said magnetic-head support device Said two piezoelectric devices are made to generate 
driving force by impressing an electrical potential difference to said two piezoelectric devices by turns, and it is characterized by 
being carried out by sagging said actuator spring section elasticaliy with said driving force. Therefore, highly precise truck flattery 
actuation (following) can be performed by making the minute drive of the magnetic-head support device connected to said fine 
actuator section carry Out in the seeking direction, and carrying out point-to-point control of each magnetic head according to 
an individual by making said two piezoelectric devices generate driving force by impressing an electrical potential difference to 
said two piezoelectric devices by turns, and sagging said actuator spring section elasticaliy with said driving force. 
[0014] 

[Embodiment of the Invention] Next, it explains to a detail, referring to a drawing about the, gestalt of operation of the magnetic- 
head slider positioning device of this invention. First, the gestalt of the 1st operation is explained with reference to a drawing. '" '■ 
Drawing 1 (a), (b), (cl), and (c2) are the top view showing the gestalt of the 1st operation, a side elevation, an important section ' 
side elevation, and an important section top view. Drawing 2 (a), (b), and (c) are the top view showing the detail of the fine \ 
actuator section of the gestalt of the 1st operation, a side elevation, and the top view of ah 1 actuator spring. Drawing 3 (a) and (b) ? ' 
are the perspective views showing the 1st configuration of the gestalt of operation similarly. Moreover, drawing 4 (a) and (b)* are ' . 
the top views and side elevations showing the structure and the principle of operation of the actuator spring section. Drawing 5] " 
(a) and (b) are the top views showing the drive approach by the piezoelectric device. Drawing 6 (a), (b), and (c) are the 7 " 

displacement showing the spring behavior at the time of fine actuator actuation: Drawing 7 (a) and (b) are the 5 characteris^c^ra^ t ^ 
Figs, showing the graph (simulation) which shows the amount of displacement of a piezoelectric device (deformation amount), and f ' 5 
the drive distance of the magnetic head, and an oscillation characteristic. Moreover, drawihg 8 (a) is the top view of tHe : actuator * ,f ' 
spring in the gestalt of the 1 st operation. t ' V ' ^ 

[001 5] In drawing 1 , the magnetic-head positioning device consists of 2 stage actuators which serve as the ! magnetic-head 1 * * ~' ! ' 
support device 5 from the fine actuator section 6 and the course actuator section 7. The fine actuator section 6 is connected < 
the holder arm 1 1 which consists of actuator Spring-8 and a piezoelectric device' 16; and constitutes the" course actuator seOtibrV^ - 
7 in the holder arm caulking location 10 (equivalent to the 2nd supporter of a claim) in drawihg.\M6rebver, the arm ; block 
(carriage) 13 which consists of two or more holder arms 1 1 is combined with the external fixed magnetic circuit: which has a/^.'/J** 
moving coil 1 2 and is riot illustrated by the end, builds VCM, and forms the course actuator section 7. ' ; ^ , \ w " 5,1 

[0016] On the other hand, as shown in drawihg 2 (a) and (b), said magnetic-head support device 5 consists of load' beams 4 for ! 
giving thrust to the slider 2 of the surfacing mold which carried the magnetic head 1, or a contact mold, and the gimbal spring 3 ** " ! 
and slider 2 which support it. And a slider 2 is made into the sense which counters a record medium 26, and it connects with said. '. 
FAI actuator section 6 in the suspension caulking location 9 (equivalent to the 1 st supporter of a claim). Moreover, as shown in;' J *;';^ 
drawing 2 (c), actuator Spring^B of said fine actuator section 6' has the side spring 17 of two long I forms, and the center spring ' 
18 of one short I form between the suspension caulking Ideation 9 and the holder arm caulking location 10. " 
[0017] Said center spring 1 8 is located on the medial axis of the longitudinal direction of actuator Sf)ririgr8, and said two side ' 
springs 17 are arranged at a serial at the sense Which intersects perpendicularly with the medial axis of the longitudinal direction ' 
of actuator Sprihg-8 on both sides of said center spring 1 8 in between. At this time, as shown in drawing ( 2 (c), the drive 
clearance 25 is formed between the side spring 17 of said actuator Spring-8 and the center spring 18, and the holder arm Ti 
caulking location 9. And as shown in drawin g 3 (a), it is arranged in parallel with the direction in which the piezoelectric device l6 hnr 
of the pair of a rectangular parallelepiped configuration meets that longitudinal shaft oh both sides of the medial axis of the" * kj ' * 
longitudinal direction of said actuator Spring-8 in the form over this drive clearance 25. On actuator Spring^, the both ends of ' v 
the driving direction paste the piezoelectric-device adhesion locations 21 and 21 (equivalent to the part of the 1st and 2nd -~ 
supporter of a claim) shown in a slash field in drawing 2 (c), respectively, and each piezoelectric device 16 is being fixed. Here; 
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the above-mentioned drive clearance 25 is formed among the piezoelectric-device adhesion locations 21 and 21 where adhesion 
immobilization of the piezoelectric device 1 6 is carried out. 

[0018] The ingredient which has toughness, such as SUS304. is used for actuator Spring-8. Short I form spring of the center 
spring 1 8 which forms actuator Spring-8 as shown in drawing 4 (a) is set up so that spring length (Lc) and spring width of face 
(Wc) may become almost equal. As for two long and slender I form springs of the side spring 17, it is desirable to set up so that 
spring length (Lsl, Ls2) may become sufficiently long compared with spring width of face (Wsl, Ws2). Since the advancing-side- 
by-side rigidity within a field will also become low if too not much thin, it becomes impossible to set up actuator main resonance; 
highly, although drive loss of a piezoelectric device can be small suppressed since rotation rigidity can low designed at this 
time so that the spring width of face of the center spring 1 8 and the side spring 1 7 is thin. If it is made- not much thick too much, 
it will become impossible moreover, to process thinly the spring width of face (Wc, Ws1, Ws2) of the center spring 18 or the side , 
spring 17, although it is desirable to set up thickly within limits.which mounting allows as^ for the board thickness (ta) of actuator 
Spring-8 when the curvature by loading/unload of shock resistance or the magnetic-head support device 5 takes into 
consideration the effect of the stress given to a piezoelectric device (loading / unload endurance). For example, when the board 
thickness of actuator Spring-8 is set as ta=200micrometer, and etching processing is used, both the spring width of face of the 
center spring 1 8 and the side spring 1 7 can be processed only to 200 micrometers of board thickness extent To process it by 
wire cut etc., although the limit is not applied, since productivity becomes low and cost goes up it cautions are required, . 
[0019] Moreover, although rotation rigidity will become low and a head drive scale factor (the- variation rate of a piezoelectric 
device the amount of drives of the magnetic head to an amount) will rise if distance which shows the physical relationship of the 
edge by the side of the magnetic head 1 of the center spring 18 and the side edge section by the side of the piezoelectric device 
16 of the side spring 17 is set to LD as shown in drawing 4 (a), this distance LD is made small and the center spring 1 8 and the ; 
side spring 17 are brought close, the main resonance of an actuator falls to coincidence. On the contrary, although a head drive _ 
scale factor will decrease in order that a driving shaft may shift from on a center spring to a magnetic-head side if distance LD is 
enlarged and the center spring 1 8 and the side spring 1 7 are detached, actuator main resonance can be designed highly. That is, , 
it becomes possible to set up the drive scale factor of the magnetic head greatly by approaching the edge by the side of the 
magnetic head 1 of the center spring 18, and the side edge section by the side of the piezoelectric; device 16 of the side spring 
17, and it becomes possible to set up actuator main resonance highly by estranging the side edge section by the side of the 
piezoelectric device 1 6 of the side spring 1 7. 

[0020] On the other hand, a longitudinal-effect component, a transversal-effect component or a stack form laminating 
longitudinal-effect component, etc., can be used for the piezoelectric device used for the minute drive of the magnetic head. If 
the workability of electric connection is taken into consideration, it will be easy to use a transversal-effect component, but when 
cost-constraint is loose, the laminating type electrostrictive actuator (stack form laminating longitudinal-effect component) in 
which use by the low battery is possible may be used. When using a transversarreffect component, the piezoelectric constant d . 
in the condition that the load of the stress is not carried out is called for by the following (1) types. 
[0021] > 
[Equati on 1] . • > 1 

d = k (m/V) (D 

[0022] It is here and they are kelectromechanical coupling coefficient, an epsilonTidielectric constant, and YErYoungs modulus 

(N/m2X . ... . 
[0023] Although the generating force is computed from electric field and a component cross section using this piezoelectric 
constant d, since the amount of displacement of a piezoelectric device (deformation amount) is proportional to the free length 
(henceforth, drive die length) except a fixed part, when driver voltage cannot be highly set up by constraint on a circuit, jri order j*' 
to secure the magnetic-head movable range sufficiently widely, it is good [ the amount ] at this time to set up the drive die 
length of a piezoelectric device greatly, for example, the case of the transversal-effect component using the software material of 
the ceramic ingredient of lead titanate or a titanic-acid zirconium system — the drive of a piezoelectric device the case 
where the variation rate (distorted) became about 0.05% of drive length, and the electrical potential difference of 30V is 
impressed to the piezoelectric device of 2mm of drive length — the variation rate of a piezoelectric device — although ah 
amount (deformation amount) is about 0.16 micrometers, when the piezoelectric device of 4mm of drive length is used, the ; 
variation rate of 6.32 micrometers can be obtained. . ' . . . . t F 
[0024] The drive clearance 25 (Lp: refer to drawing 4 (b)) prepared in the center in actuator Spring-8 determines the drive*, die ^ 
length of this piezoelectric device, and in order to secure the drive range of the magnetic head widely, it should just set up i this ^ ^ 
drive clearance 25 for a long time within limits which do hot drop the rigidity of an actuator spring. Using such a piezoelectric ^ ; 
device 16 as 2 sets [ 1 ], as shown in drawing 2 (a), (b), and (c), on both sides of the medial axis of the longitudinal direc^on^of ' ^ 
actuator Spring-8, the longitudinal direction (the direction of distortion) of a piezoelectric device 16 is arranged to the medial; axis ^ 
and parallel direction of a longitudinal direction of actuator Spring-8. At this time, the connecting location to aerator Spring-8 of ^ 
each piezoelectric device 16 is respectively prepared for two by the side of a holder arm caulking location and a suspension 
caulking location ranging over the drive clearance 25, as shown in the slash section of drawing 2 (c). Among these, although the • 
connecting locations by the side of a holder arm caulking location (piezoelectric-device adhesion location 21) should just b£ the rM 
holder arm 1 1 and a location in which it does not interfere, as for the connecting Ideation by the side of a suspension caulking 
location (piezoelectric-device adhesion location 21), it is desirable to set up so that it may become a location between the side^ ^. 
spring 1 7 and the center spring 1 8. . c ^ .-j.-. 
[0025] Although adhesives are used for connection between a piezoelectric device 16 and actuator Spring-8, whether conductive 
adhesives are used by the wiring approach (is a gland taken to an actuator spring or riot?) of a piezoelectric device or insulating 
adhesives are used change. Although taking as widely as possible is desirable as for adhesion area since the driving force of a 
piezoelectric device is told to an actuator spring through adhesives when putting on an actuator spring like the gestart of the 1st 
operation and pasting up about the adhesion area of a piezoelectric device, it becomes impossible moreover, to secure drive die si 
length sufficient within the actuator spring restricted when jointing die length was too long. About 20 - 40% of piezoelectric- 
device length is suitable for the jointing die length of order. , 

[0026] Thus, while driving by turns the piezoelectric device 16 of the pair connected to actuator Spring-8 by making D in drawin g. 
4 (a), and E into point of application and rotating the center spring 18 of C, the minute drive of the magnetic-head support device 
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5 is carried out in the seeking direction by sagging the side spring 17 of A and B in the direction of a right angle on a side spring 
straight side shaft (refer to drawing 4 (a)). At this time, the piezoelectric device 16 which rode on the upper part in actuator 
Spring-8 transmits driving force to actuator Spring-8 through the adhesives in the piezoelectric-device adhesion location 21, and 
carries out the variation rate of the three springs (the center spring 1 8 and side spring 1 7) (refer to drawing.^ (b)). 
[0027] By the way, when making the magnetic head drive using two piezoelectric devices, two kinds can be considered to the 
drive method. One is a both-sides drive method as shown in drawing 5 (a), and another is a single-sided drive method shown in 
this drawing (b). In the case of a both-sides drive method, as shown in (i) of drawing 5 (a), in the neutral condition, this electrical 
potential difference (initial voltage : the inside of drawing 15 V) is given to both piezoelectric devices Apnd B, and as shown in (ii) 
of drawing 5 (a), and (iii) at the time of a head drive, a twice [ at the time of a neutral ] as many electrical potential difference f 
(the inside of drawing 30 V) as this is impressed to one piezoelectric device for 0V at the piezoelectric device of another side. 
The piezoelectric device of one side (0V) is expanded by this, the actuation in the differential of making the piezoelectric device 
of another side (30V) reduce is attained, and a head drive scale factor can be gathered. In the ^case of a single-sided drive K 
method, it sets without applying an electrical potential difference to piezoelectric devices 16A and 16B (initial-voltage =0X0; and 
as shown in (i) of drawing 5 (b), at the time of a head drive, an electrical potential difference is impressed only to the 
piezoelectric device of a driving side (the inside of drawing 30 V), and as shown in (ii) of drawing 5 (b), and (Hi), in the neutral ' 5 ■ 
condition, it sets without applying an electrical potential difference to an opposite piezoelectric device. In this case, only 
piezoelectric device (driving side) of one of the two displaces; and another side becomes [ being fixed with as, and ]. In the case 5 
of such a drive method, compared with said both-sides drive method; about 1/of head drive scale factors is set to 2, but since it 
is not necessary to impress an electrical potential difference in the neutral condition, there is little effect (initial stress etc.) on 
the actuator spring according to a piezoelectric device at an initial state, and it is excellent in workability (productivity) and - 
power-saving nature. ' :x ' 1 ' ' * .; 

[0028] Drawing 6 shows the result of having analyzed the behavior of an actuator spring when the driving force of a piezoelectric - 
device acts on the fine actuator of the gestalt of the 1st operation by simulation: SUS304 of 200 micrometers of board thickness 
is used for an actuator spring, PZT (LxWxt=2.5mmx1 .0mmx0.2mm) is used for the piezoelectric device, and the load of the driving 1 
force of 30V impression (80gf) is carried out It turns out that a side spring bends centering on a center spring, and the xj r 
magnetic-head support device is driving with the variation rate of a piezoelectric device: 

[0029] a piezoelectric-device drive when the actuator spring of the gestalt of the 1st operation is used for drawing 7 (a) — the - ^ 
relation of the drive distance of the magnetic head to a variation rate — being shown — - **** — an axis of abscissa —-a- ! -° ;j - | 
piezoelectric-device drive — a variation rate — magnetic-head drive distance (micrometer) is shown for the amount * 
(micrometer) on the axis of ordinate. Moreover, this drawing (b) shows the frequency characteristics of the fine actuator section • 
of this example, a frequency (Hz) is shown on an axis of abscissa, and gain (dB) is shown on the axis of ordinate. AH are the 
analysis results by simulation. Compared with the conventional 2 stage actuator (type which an actuator spring is sagged by two ^ 
piezoelectric devices like this example, and drives HGA) introduced by drawing 24 . 2 stage actuator of this example has the large ! 
drive scale factor (a both-sides drive method estimates both) of the magnetic head, and it turns out that it can also be designing 
actuator main resonance (Sway) highly to coincidence. That is, the good oscillation characteristic in which a resonance peak - ' 
does not appear to a high-frequency band can be acquired. 

[0030] With the point of sagging an actuator spring using the piezoelectric device of a pair, and driving HGA, with 2 stage 4 ' J - 
actuator of this invention, although the conventional 2 stage actuator shown by drawing 24 is common, it differs from 2 stage 
actuator of this invention at the point which arranges the piezoelectric device at the right angle at the , rnedial axis of the v0( 
longitudinal direction of an actuator spring. Since two piezoelectric devices are arranged together with length crosswise [ of an , t _ 
actuator spring ] in the case of this conventional 2 stage actuator, the large driyedie length of a piezoelectric device cannot Be;,V, 
taken rather than full [ of an actuator spring ]. Therefore, there is a fault that increasing the amount ^displacement of a .. ; ^..^ 
piezoelectric device cannot take the large drive range of the magnetic head difficultly. On the other fianfy&nceZ stage actuator 
of this invention arranges the piezoelectric device of a pair in parallel in accordance with actuator spring s^igrrt side shaft . } 
orientations and it can enlarge a piezoelectric device compared with said conventional 2 stage actuator (chive length i is , 3 , 

lengthened), it is easy to increase the amount of displacement of a piezoelectric device and to extend the drive range [of fae^^^ 
magnetic head. ,\ m! .< 0 >k;:M .^-h s^riv 

[0031] Moreover, the actuator spring section of said conventional 2 stage actuator Serial arrangement of the t side spring. oJ^a^r ^ ! 
is carried out at a right angle like the actuator spring of this invention at an actuator spring straight isid^ 
edge. Although It is common to the point which arranges one center spring on the medial axis of a longrtu^ 

drawing 24 ). in 2 stage actuator of this invention It differs in that it is different in the center spring in that !$ie flat spripg of:. ^ >u y h 
extremely short (width of face and die length are almost equal) I form is used compared with the side spring, and ^point: of * ¥? '..* ( .,; 
application of the driving force by the piezoelectric device is set to a holder arm side rather than the center; s^ 
stage actuator of this invention can set up a revolving shaft on a center spring, and can gather the driye scale factor of the^ ^ ,; vc?b 
magnetic head, furthermore , since the actuator spring structure which arrange the flat spring of a short I form on a driving shaft^ 6 
can set up the rigidity outside a field strongly , make field intemaf version rigidity small compared with said conventional 2 stage ^ 
actuator , while it can suppress movements field outside at the time of a HGA drive ( the recess to a roll / a i. piteh ^rection^, and ?; J 
the curvature to a medium perpendicular direction ) and can make the loss of driving force small as much a? possible f it be ^ 
possible to secure shock resistance .and loading/ unload endurance . . .. lf< , . , t ,. 

[0032] Next, the gestalt of the 2nd operation is explained with reference to a drawing. Drawing 8 (a) is the top view of the ; . 
actuator spring in the gestalt of the 2nd operation. With the gestalt of the 1st operation, the center ^rihg^epa^djn actuator ' 
Spring-8 was formed by the flat spring of one short I form arranged on the medial axis of the ionj^udinal direction of actuator 
Spring-8. On the other hand, with the gestalt of the 2nd operation, the center spring 1 8 is arranged so tt^ 
parallel with two side springs 17, namely, so that it may extend in the direction which intersects perpend^ 

axis of the longitudinal direction of an actuator spring. At this time, the center spring 18 of said pair is ar^ged[^er.thah said ? 
sidle spring 1 7 at a holder arm side (equivalent to the part near the 2nd supporter of a claim), and is arranged father thaii said 
side spring at the medial-axis approach of the longitudinal direction of an actuator spring. At this time, the piezoelectric device 
1 6 of a pair is arranged in parallel on both sides of the medial axis of an actuator spring longitudinal direction, and the end of the 
piezoelectric-device adhesion location 21 comes between the center spring 18 and the side spring 17. the gestalt of the 2nd "\ 
operation — * the drive of a piezoelectric device — since rt is the structure where bending of the side spring which is the flat ; , , 
spring of two long I forms, and the center spring which is the flat spring of two short I forms receives a variation rate, HGA 7 
support rigidity is markedly alike and becomes strong. Therefore, it is effective, when you want to suppress actuator resonance 
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to a high frequency band, or when It seems that he wants to make board thickness of an actuator spring thin, maintaining 
frequency characteristics good [ without lowering the rigidity outside a field ]. 

[0033] Next the gestalt of the 3rd operation is explained with reference to a drawing. Drawing 8 (b) is the top view of the 
actuator spring in the. gestalt of the 3rd operation. Although the side spring prepared in the actuator spring has been arranged to 
the serial in the direction of a right angle with the gestalt of said 1st operation at the medial axis of an actuator spring 
longitudinal direction With the gestalt of the 3rd operation, it arranges to the typeface of "Ha" who does opening of the side 
spring 17 toward the HGA side. It arranges to the typeface of "Ha", who does opening of the piezoelectric device 16 of the pair , 
arranged in parallel on both sides of the medial axis of the longitudinal direction of an actuator spring toward a holder arm side. 
Namely, said center spring 18 extended in said direction of a medial axis on said medial axis, and said two side springs 17 are the 
parts which sandwich said medial axis, and it has extended in the direction which intersects said medial axis so .that spacing, by - r 
the side of said 1st supporter may serve as size from spacing by the side of said 2nd supporter. And said two piezoelectric.; 
devices 16 are. the parts which sandwich said medial axis on said. actuator spring, and they, are prepared so that spacing by the, 
side of said 2nd supporter may serve as size from spacing by the side of said 1 st supporter and'the driving direction of said 
piezoelectric device 16 may intersect said medial axjs. Furthermore, said side spring H and piezoelectric device 16 which are 
located in the same side to said, medial axis are constituted * so that the extension direction of said side spring 1 7 and said driving 
direction of said piezoelectric device 1 6 may intersect perpendicularly mostly and may cross. \ - 

[0034] Thus, by arranging a piezoelectric device so that, the driving direction may become slanting to the medial axis of the 
longitudinal direction of an actuator spring, since longer drive die length can be taken, rt becomes possible to extend the drive 
range of the magnetic head. Moreover, while making the driving force of a piezoelectric device 16 act perpendicularly in the 
bending direction of the flat spring of 17 of a side spring and suppressing drive loss with constituting so that the extension 
direction of the side spring 1 7 and the driving direction of a piezoelectric device 1 6 may intersect perpendicularly and cross, it 
becomes possible to design an actuator spring in a compact. 

[0035] Next the gestalt of the 4th operation is explained with reference to a drawing. Drawing 9 (a), (b), and (c) are the 
perspective views showing 2 stage actuator in the gestalt of the 4th operation. Drawing 10 (a) and (b) are the perspectiveviews 
and side elevations showing the detail of the piezoelectric-device connection in the 4th example. Drawing 1 1 (a) and (b) are, the . 
top views, side elevations, and block diagrams explaining the structure of 2 stage actuator in the 4th example. Moreover, drawing 
12 (a) and (b) are the side elevations explaining the example of connection of the piezoelectric device to the fine actuator 
section of 2 stage actuator in the 4th example. 

[0036] As shown in drawing 9 thru/or drawing 1 1 . with the gestalt of the 4th operation, actuator Spring-8 of the fine actuator 
section 6 is divided into the up actuator spring 19 (equivalent to the 1st spring section of a claim), and the lower actuator spring 
20 (equivalent to the 2nd spring section of a claim), namely, it divides into the thin steel plate of two upper and lower sides, and 
forms. And only the center spring 18 which turns into the lower actuator spring 20 from the flat-spring configuration of one short 
I form among actuator Spring-^8 which divided into the thin steel plate of two upper and lower sides, and was formed is arranged 
on the media! axis of the longitudinal direction of an actuator spring. Only the side spring 1 7 which becomes the up actuator 
spring section 19 from the flat-spring configuration of long I form of a pair among above-mentioned actuator Spring-8. on the 
other hand is arranged at the serial to the sense which intersects perpendicularly with the medial axis of an actuator spring 
longitudinal direction. And when actuator Spring-8 of one sheet is formed by sticking these up actuator spring 19 and the lower 
actuator spring 20, and joining, the center spring 18 will be constituted by the lower berth and the side spring 17 will be 
constituted by the upper case. 

[0037] In addition, with the gestalt of the 4th operation* although the side spring 17 was set as the up actuator spring 1 9 and the 
center spring 18 was set as the lower actuator spring 20, reverse is sufficient as the part in which the side spring 17 and the 
center spring 1 8 are formed: Although adhesives may be used for junction of the actuator spring of the upper part and the lower 
part, the laser spot welding used by junction of a magnetic-head support device may be used. At this time, as shown in drawing 
12 (a), the board thickness (tl) of the up actuator spring 19 and the board thickness (t2) of the lower spring 20 are set up so 
that it may become equal, and carry out board thickness (tt+t2) when sticking the actuator spring of two upper and lower sides, 
and forming the actuator spring of one sheet in all as [ become / equal to the board thickness (ta) of said 1st 2 stage actuator ]. 
[0038] As shown in drawing 10 (b). moreover, the drive clearance (LpL) between, the tower actuator springs 20 (equivalent. to the 
2nd drive clearance between claims) It sets up so that only the amount of piezoelectric-device adhesion die length may- become , 
short rather than the drive clearance (LpU) between up actuator springs (equivalent to the 1st drive clearance between claims). 
And the die length of the drive clearance (LpU) between up actuator springs is set up so that it may become equal to the drive . 
lay length of a piezoelectric device. For this reason, the piezoelectric device 16 of the. pair for a drive ; rides in the, form over a 
drive clearance (LpL) on a lower actuator spring, and; is connected in the form inserted between the : drive. clearances (LpU) 
between up actuator springs at coincidence (refer to drawing 1 0 (b)X If it puts in another way, the step is formed in the part of ; 
said 1st and 2nd supporter, respectively by one side of the 1st and 2nd drive clearance being set up more widely than another • 
side. And immobilization to said actuator spring of;a piezoelectric device 16 is performed where, the end ancj the other end of a ( ; ; 
driving direction of a piezoelectric device 1 6 are inserted in said step. ~ 

[0039] While junction of a piezoelectric device becomes firm and being able/to, suppress; the drive loss by k adhesives , slipping by 
this since the adhesion area. of a piezoelectric device 16 is securable by both ; the .inferior surface of tongue of a component and ; 
the perpendicular end face as shown in drawing 1 2 (a), mounting Height can be low stopped by .the board thickness of an ur * 
actuator spring (tl). Or while being able to enlarge the, generating (it is proportional to cross-sectional area of component) force 
by leaving mounting height as it is conversely, and increasing the thickness (tPZT)-of a piezoelectric device, rigidity of a fine 
actuator mechanical component can be strengthened, and 2 stage actuator excellent in shock resistance or dependability can be 
offered. 

[0040] In the example of drawing 12 (a), although board thickness of said up actuator spring: and a lower actuator spring was 
made the same, by the example shown in drawing 12 (b). the mistake in the board thickness of said up actuator spring and a 
lower actuator spring is made, and the board thickness (t2) of a lower actuator spring is set up : so that it may become small 
compared with the, board thickness (tl) of an up actuator spring Even in this case, rt is made for the board.thickness (ta) of 
actuator Spring-8 when sticking the actuator spring of the upper part and the lower part to. become the same as the case of the 
gestalt of said the;. 1st thru/or 3rd operation. 

[0041] While the plane-of-composition product (especially perpendicular end face) to the upper part of the piezoelectric device 
16 in the upper part which was mentioned above, and the step formed by changing the magnitude of the drive clearance between 
the lower actuator springs 1 9 and 20, and the part of the lower actuator springs 1 9 and 20 becomes still larger by this and being 
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able to suppress loss of driving force, since the piezoelectric device itself can be designed more thickly, the generating force 
strong enough is acquired. Moreover, when not changing thickness of a piezoelectric device, since mounting height can be set up 
small mounting of a between [ **** ] is attained. In addition; since it is set up so that the board thickness (t2) of a lower 
actuator spring may become small in this case compared with the board thickness (t 1 ) of an up actuator spnng, and the ngidity 
of a lower actuator spring is falling by reduction in boaro 1 ' thickness as compared with the case of drawng J2 (a), : tt is necessary 
to set up spring width of face (Wc) widely, and it is necessary to perform rigid adjustment \ ^ a v ■ u ' 

[0042] Next the gestalt of the 5th operation is' explained with reference to a drawing, (a) of drawing 13 ; (b);and (c)-aretne _ 
perspective views and block diagrams showing the structure of 2 stage actuator in the gestalt of the 5$ operation. Drawing 14 
(a) (b) and (c) are the explanatory views explaining the top view, the side elevationi arid assembly which show 2 stage actuator 
of the gestalt of the 5th operation. Drawing 1 5 (a), (b); and (c) are the side elevations explaining connec^;of the 'piezoelectric 
device in r2 stage actuator 'of the gestalt of the 5th operation. \ 'VI'" / ^ « » " 

[0043] As shown in drawing 13 , the magnetic-head support device^ is equipped with the load beam section 4, and is- , ' .' 

constituted The load beam section 4 is formed with the steel plate of one sheet, and consists of body section 4Ai«Division;for — 
Interlibrary Services 4B, and the back up plate 23. And the load beam section 4 is set up so that the part except the 5 center ; " ; 
spring section 18 and the side spring section 17 of actuator Spririg-8 which were set up with the gestalt of the 1st 'operation may 
be overlapped (it piles up like). Here, body section 4A is joined to the 1st supporter of actuator Spring-81 arid the back up plate 
23 is joined to the 2nd supporter of actuator Spring-*, and Division for Interlibrary Services 4B is constituted so that^e back ^ 
up plate 23 may be connected with body section 4A. It extends in the direction which intersects perpendicularly with said medial 
axis in two places into which Division for Interlibrary Services 4B inserts the medial axis of actuator Springr8 in the example of 
drawing 13 an end is connected to body section 4A, and the other end is connected to the back up plate 23. At this time, the ! 
drive clearance between the piezoelectric devices 16 built with said load beam 4 (LpS: refer to drawing 14 (b)) (equivalent to the 
load beam side drive clearance between claims) is set up so that it may become shorter than the drive clearance (Lp: refer to 1 
drawing 1 4 (b)) formed in said actuator Spring-8. \ . ' ' 
[0044] Thereby, when the magnetic-head support device 5 is joined to actuator Spring-8 by laser spot welding etc.; in the drive 
clearance section 25, the piezoelectric-device adhesion location section 21 consists of forms where a part of body section 4A of 
the load beam 4 and back up plate 23 projected from the drive clearance 25 (Lp) where it made actuator Spring-8 into the upper 
case and the load beam section 4 is made into the lower berth. At this time, the connection part of L typeface will be formed 
seen from the side face in the piezoelectric-device adhesion location section 21 with actuator Spring-8 and the steel plate of 
the load beam 4 (and back up plate 23) (refer to drawing 1 4 (b)). The piezoelectric device 16 for a drive is embedded in the 
piezoelectric-device adhesion location section 21 of this L typeface, and actuator Spring-8 (and load beam 4 joined to it) and a 
piezoelectric device 16 are joined by fixing the base and perpendicular end face of a component with adhesives etc. If it puts in 
another way, the connection part (step) of L typeface is formed in the part of said 1 st and 2nd supporter, respectively by the 
load beam side drive clearance Lps narrower than said drive clearance Lp being formed in the part corresponding to said drive 
clearance between actuator springs between body section 4A and the back up plate 23. And immobilization to said actuator 
spring of a piezoelectric device 16 is performed where the end and the other end of a driving direction of said piezoelectric 
device 1 6 are inserted in the connection part of said L typeface. 

[0045] Moreover, after it forms them with the steel plate of one sheet -at first and they join the magnetic-head support device 5 
to actuator Spring-8 (the part of the back up plate 23 as well as the load beam section 4 is joined to actuator Spring^ at this 
time) (assembly), said load beam 4 and back up plate 23 are easy to process it if Division for Interlibrary Services 4B which 
connects the load beam section 4 and the back up plate 23 is excised (refer to drawing 14 (c)). ; 
[0046] Since at least jointing of a piezoelectric device 16 is securable by both the inferior surface of tongue of a component and 
the perpendicular end face, while junction becomes firm and being able to suppress the drive loss by adhesives slipping Ilk* the_ 
case of the gestalt of the 4th operation also in the gestalt of the 5th operation by this, mounting height (refer to drawing 15 (a)) 
can be low stopped by the board thickness (ta) of actuator Spring-8. Or the generating force of a mechanical component can be 
enlarged by leaving mounting height as it is conversely, and increasing the thickness (tPZT) of a piezoelectric device 18 (refer to 
drawing 15 (b)). Moreover, since thickness of an actuator spring can be thickened and rigidity of a fine actuator mechanical _ 
component can also be strengthened as shown in drawing 15 (c); 2 stage actuator excellent in shock resistance or dependability 
can be offered. Or when not changing thickness of a piezoelectric device, since mounting height can be set up small, mounting of 
a between [**♦* ] becomes easy. ! - r ; ^ ^ ' * ' . , V f .. 

[0047] Next the gestalt of the 6th operation is explained with reference to a drawing. Drawing 16 (a), (b). and {c) are the ^ 
perspective views and block diagrams showing the structure of 2 stage actuator in the gestalt of the 6th operation. Drawing -17 - 
(a) and (b) are the top views and block diagrams showing 2 stage actuator of the gestalt of the 6th operation. It is the top view 
and side elevation explaining the principle of operation of drawing 18 (i), (ii). and (Hi) 2 stage actuator of the gestalt of the 6th J 
operation " KtJk " '' : ' s ; "' v ''"' ' '' ° u ''" S ''" '* 7 " ''''' ' ' ' : ' ""*' ' <c 

[0048] In drawing 16 , like the case of tHe gestalt of the 4th operation, actuator Spring-* was similarly formed with the thiri^ steel > ! 
plate of two upper and lower sides, among these only the side spring 17 of I form where a pair is long to the up actuator spring 
19 is arranged at the serial to the sense which intersects perpendicularly with the medial axis of an actuator spring longitudinal ^ 
direction On the other hand, to the lower actuator spring 20; only the center spring 18 of one short Inform is arranged on the- 
medial axis of an actuator spring IbrigrtudiriaKdirectiori: These up actuator spring 19 and the lower actuator spring 20 are stuck,? < < 
and actuator Spring-8 of one sheet in all Is fbrmeU At this time, the center pulling 1 8 will be constituted by the lower berths and 
the side spring 17 will be constituted by the upper case. - * > - hl - , < 0 rl 

[0049] Moreover; to the lower actuator spring 20, although the drive clearance 25 is established in the up actuator spring 19 like 
the case of the gestalt of the 4th operation, a drive clearance is set without setting up. The inferior surface of tongue (equivalent 
to the end face of a claim) of the piezoelectric device 1 6 driven in the slipping mode (1-5 mode) of a pair from the center spnng' 
18 on both sides of the medial axis of the longitudinal direction of said lower actuator spring 20 in the part by the side of a holder 
arm (equivalent to the part of the 2nd supporter of a claim) is pasted up. On the other hand, two piezoelectric-device adhesion 
tooth spaces 26 (equivalent to the fixed part of a claim) elongated to a holder arm side on both sides of the medial axis of the - 
longitudinal direction of said actuator spring are provided for the back end section from the suspension' caulking location 9 of the 
load beam section 4 which constitutes the magnetic-head support device 5. The piezoelectric-device adhesion tooth space 26 is 
constituted so that spacing may be set in the part of said lower actuator spring 20, and the thickness direction of an actuator ; 
spring and they may be met And a piezoelectric device 1 6 is in the condition inserted into the piezoelectric-device adhesion - 
tooth space 26 and said lower actuator spring 20, and the top face (equivalent to the end face of a claim) of said piezoelectric 
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device 1 6 pastes it up on the piezoelectric-device adhesion tooth space 26. 

[0050] Since it drives so that a top face may be slippery forward and backward when an inferior surface of tongue is fixed and an 
electrical potential difference is applied, as shown in drawing 18 . and the piezoelectric device 16 driven in this slipping mode (1-5 
mode) becomes a plane-of-projection configuration near a square with short die length (driving direction) and wide width of face, 
it is desirable to secure sufficient adhesion area for said piezoelectric-device adhesion tooth space 26. Moreover, the thickness 
(tPZT) of said piezoelectric device 16 and the board thickness (t1) of said up actuator spring 19 are set up so that it may 
become equal, and they take care so that the piezoelectric-device adhesion tooth space 20 of said load beam 4 and the top face 
of a piezoelectric device 16 may come in the same flat surface. Thus, when 2 stage actuator is built using the piezoelectric 
device of the pair driven in slipping mode (1-5 mode), In the neutral location, the fixed electrical potential difference (initial 
voltage : the inside of drawing 18 (i) 15 V) is impressed to both the piezoelectric device A and the piezoelectric device B. At the 
time of a magnetic-head drive, a twice [ at the time of a neutral ] as many electrical potential difference (inside (iii) drawing 18 
(ii), 30 V) as this is impressed [ piezoelectric device of one of the two ] to 0V for another side, and both piezoelectric devices are 
made to drive by differential. In such a 2 stage actuator, since the piezoelectric device was put by the upper and lower sides and 
it has joined while the adhesion area of a piezoelectric device can secure greatly, it becomes possible to design the rigidity of a 
fine actuator mechanical component strongly. 

[0051] In the conventional 2 stage actuator using the slipping mode (1-5 mode) of a piezoelectric device, there is a type driven 
using a hinge as shown by drawing 25 . In this case, on both sides of the medial axis of a holder arm longitudinal direction, it 
arranged in parallel with right and left on the plate which joins the piezoelectric device of a pair to a holder arm point, the inferior 
surface of tongue of a piezoelectric device was joined to said plate, and the top face is joined to the mounting block which has 
two thin hinges. 

[0052] A magnetic-head support device is connected to said mounting block, at this time, in case the magnetic head is driven, as 
shown in drawing 25 (b) r the piezoelectric device of a Uichi Hidari pair drives by turns at a HGA longitudinal direction (slipping), 
two hinge regions of said mounting block shift by turns in right and left by it (to cross direction), and the minute rotation drive of 
the magnetic-head support device is carried out in the seeking direction. Thus, when driving HGA with two thin hinges, in order 
to earn a drive scale factor, a hinge region is made thin as much as possible, and it must bring near by the medial axis of a 
longitudinal direction up until last minute, and must arrange. Therefore, there was difficulty in reservation of shock resistance, or 
loading / unload endurance — the rigidity outside a field of a fine actuator mechanical component runs short, and it becomes 
impossible to apply a big press load to HGA etc. — etc. 

[0053] On the other hand, in 2 stage actuator in the gestalt of the 6th operation, since the center spring (rotation drive) of one 
short I form was arranged on the actuator medial axis and the side spring (bending drive) of I form of a long pair is arranged at 
the actuator right-and-left edge, the rigidity outside a field can be set up strongly, keeping field internal-version rigidity small. 
Therefore, it is easy to be able to respond also to the Takani pile design of a magnetic-head support device, and to secure shock 
resistance, and loading / unload endurance. 

[0054] Next the gestalt of the 7th operation is explained with reference to a drawing. Drawing 1 7 (c) is the top view showing 2 
stage actuator in the gestalt of the 7th operation. In 2 stage actuator of the gestalt of the 7th operation, the piezoelectric-device 
adhesion tooth space 27 provided for the suspension caulking location back end of the load beam 4 in the gestalt of the 6th 
operation is provided for the back end section of the subspacer 24 (equivalent to the holddown member of a claim) of another 
components in the load beam section 4. For this reason, as a procedure of an assembly, the magnetic-head support device 5 
(load beam 4) is joined to said actuator Spring-8 which connected the inferior surface of tongue of a piezoelectric device 1 6 first, 
and said subspacer 24 is connected to the appropriate back in the suspension caulking location 9 of the load beam 4. Here, the 
subspacer 24 is joined by the part of the opposite side the up actuator spring 1 9 side of body section 4A of the load beam 
section 4. At this time, the part of the piezoelectric-device adhesion tooth space 27 of said subspacer 24 is joined to the top 
face of said piezoelectric device 1 6 at coincidence. Since the top face, the up actuator spring 1 9, and the load beam 4 of a 
piezoelectric device 16 come on the same field like the gestalt of the 6th operation in using spot welding for junction to the 
magnetic-head support device 5 and actuator Spring-8, spot welding of junction by the adhesives of piezoelectric-device 16 top 
face and the piezoelectric-device adhesion tooth space 27, and the up actuator Spring-8 and the load beam 4 must be 
performed to coincidence, and workability is bad. On the other hand, with the gestalt of the 7th operation, in order to prepare the 
subspacer 24 which has the piezoelectric-device adhesion tooth space 27 and to perform the assembly to actuator Spring-8 of 
the magnetic-head support device 5, and junction of a piezoelectric device 16 at another process, while workability improves, 
assembly precision can be raised. 
[0055] 

[Effect of the Invention] The magnetic-head positioning device of this invention is equipped with a magnetic-head support device 
and 2 stage actuator. Said magnetic-head support device It is constituted so that the slider which carried the magnetic head may 
be supported. Said 2 stage actuator The fine actuator section to which the minute amount variation rate of the magnetic-head 
support device is made to carry out in the seeking direction of said magnetic head, It consists of the course actuator sections to 
which the variation rate of said fine actuator section is made to carry out in the seeking direction of said magnetic head with a 
voice coil motor. Said fine actuator section comes to have the sheet metal-like actuator spring and two piezoelectric devices 
which support said magnetic-head support device. The minute amount displacement to the seeking direction of said magnetic 
head of said magnetic-head support device Said two piezoelectric devices were made to generate driving force by impressing an 
electrical potential difference to said two piezoelectric devices by turns, and it constituted so that it might be carried out by 
sagging said actuator spring section elastically with said driving force. Therefore, highly precise truck flattery actuation (following) 
can be performed by making the minute drive of the magnetic-head support device connected to said fine actuator section carry 
out in the seeking direction, and carrying out point-to-point control of each magnetic head according to an individual by making 
said two piezoelectric devices generate driving force by impressing an electrical potential difference to said two piezoelectric 
devices by turns, and sagging said actuator spring section elastically with said driving force. 
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* NOTICES * 

Japan Patent Off ice is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 

3.1n the drawings, any words are not translated. ■* 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] . 

[Drawing 1] It is drawing showing the gestalt of operation of the 1 st of this invention, and, for (a), a top view and (b of a side 
elevation and (ct)) are [ an important section side elevation and (c2) ] important section top views. 

[Drawing 2] It is drawing showing the detail of the fine actuator section of the gestalt of the 1st operation, and (a) is [ a side 
elevation and (c of a top view and (b)) ] the top views of an actuator spring. 

[Drawing 3] It is a perspective view explaining the configuration of 2 stage actuator in the gestalt of operation of the 1st of this 
invention. 

[Drawing 4] It is drawing showing the structure and the principle of operation of the actuator spring section in the gestalt of 
operation of the 1st of this invention, and (a) is a top view and (b) is a side elevation. 

[Drawing 5] It is a top view explaining the drive approach of 2 stage actuator in the gestalt of operation of the 1 st of this 
invention. 

[Drawing 6] It is drawing showing the spring behavior at the time of the fine actuator actuation in the gestalt of operation of the 
1 st of this invention, and the displacement in which (a) and (b) show spring behavior, and (c) are important section enlarged 
drawings. 

[Drawing 7] the piezoelectric device of 2 stage actuator in the gestalt of operation of the 1st of this invention — rt is the 
characteristic ray Fig. showing the graph which shows the relation of the magnetic-head drive distance over a variation rate, and 
frequency characteristics. 

[Drawing 8] It is drawing showing 2 stage actuator in the 2nd of this invention, and the gestalt of the 3rd operation, and the top 
view of 2 stage actuator [ in / in (a) / the gestalt of the 2nd operation ] and (b) are the top views of 2 stage actuator in the 
gestalt of the 3rd operation. 

[Drawing 9] It is the perspective view showing 2 stage actuator in the gestalt of operation of the 4th of this invention. 
[Drawing 10] It is drawing explaining the detail of the piezoelectric-device connection of 2 stage actuator in the gestalt of 
operation of the 4th of this invention, and (a) is a perspective view and (b) is a side elevation. 

[Drawing 11] It is drawing explaining the structure of 2 stage actuator in the gestalt of operation of the 4th of this invention, and 
a top view, a side elevation, and (b) of (a) are block diagrams. 

[D rawing 12] It is drawing showing the piezoelectric-device connection of 2 stage actuator in the gestalt of operation of the 4th 
of this invention, and the side elevation in which (a) shows an example of a piezoelectric-device connection, and (b) are the side 
elevations showing other examples. 

[Drawing 1 3] It is drawing showing the configuration of 2 stage actuator in the gestalt of the 5th operation, and the perspective 
view in which (a) shows an assembly condition, the perspective view in which (b) shows relation with a piezoelectric device, and 
(c) are the perspective views showing the relation between an actuator spring and the load beam section. 

[Drawing 14] It is drawing showing the configuration of 2 stage actuator in the gestalt of the 5th operation, and a top view and a 
side elevation, the side elevation that expanded (b). and (c) of (a) are the explanatory views showing how to assemble. 




thickness of an actuator spring, and (b)) ] an actuator spring and a side elevation when the thickness of a piezoelectric device is 
thick and the same. 

[Drawing 16] It is drawing showing the configuration of 2 stage actuator in the gestalt of the 6th operation, and the perspective 
view in which (a) shows an assembly condition, the perspective view in which (b) shows relation with a piezoelectric device, and 
(c) are the perspective views showing the relation between an actuator spring and the load beam section. 

[Drawing 17] It is drawing showing the configuration of the 6th and 2 stage actuator in the gestalt of the 7th operation, and the 
top view in which (a) shows 2 stage actuator of the gestalt of the 6th operation, the block diagram in which (b) shows 2 stage 
actuator of the gestalt of the 6th operation, and (c) are the side elevations and block diagrams showing 2 stage actuator of the 
gestalt of the 7th operation. 

[Drawing 18] It is an explanatory view explaining the drive approach of 2 stage actuator in the gestalt of the 6th operation. 
[Drawing 19] They are the top view, the side elevation and the Fig. of operation showing the conventional example of a magnetic- 
head positioning device, the perspective view showing the configuration of a magnetic-head support device, and a top view. 
[Drawing 20] It is the perspective view showing the conventional example (head component drive method) of 2 stage actuator. 
[Drawing 21] It is the perspective view and top view showing the conventional example (slider drive method) of 2 stage actuator. 
[Drawing 22] It is the perspective view and top view showing the conventional example (HGA drive method of a force- 
acceleration mold) of 2 stage actuator. 

[Drawing 23] It is the top view showing the conventional example (force - variation rate HGA drive method 1 of a mold) of 2 
stage actuator. 

[Drawing 24] It is the explanatory view showing the conventional example (force - variation rate HGA drive method 2 of a mold) 
of 2 stage actuator. . 
[Drawing 25] It is the perspective view showing the conventional example (force - variation rate HGA drive method 3 of a mold; 
of 2 stage actuator. 
[Description of Notations] 
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1 [ Load beam section. ] .... The magnetic head, 2 .. A slider, 3 .. A gimbal spring, 4 4A .... The body section, 4B .. The Division for 1 
Inter-library Services, 5 Magnetic-head support device (suspension), 6 .... The fine actuator section, 7 .. Course actuator section, 
8 .... An actuator spring, 9 .. Suspension caulking location, 10 .... A holder arm caulking location, 11.. A holder arm, .1 2 :.: Moving 
coil, 13 .... An arm block (carriage), 16 .. A piezoelectric device. 17 .. Side spring, 18 [ .. A piezoelectric-device adhesion location; J> 
23 / .. The back up plate, 24 / .. A subspacer, 25 / A drive clearance, 26 / Piezoelectric-device adhesion tooth space. ] .... A 
center spring, 19 .. An up actuator spring, 20 .. A lower actuator spring, 21 . : > - " 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely, w ^ 
2.**** shows the word which can not be translated. . y ; ; . ' ' *-ivT " ~ 

3.1n the drawings, any words are not translated, r / ..^v VVv > • / ! 
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[Drawing 20] 
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[Drawing 2] 
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[Drawing 3] 
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[Drawing 6] 
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[Drawing 8] 
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[Drawing 9] 
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[Drawing 12] 
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[Drawing 14] 



http://vmw4.ipdljpo.gojp/cgi-bin/tran_web_cgi_ejje 



2004/08/18 




[Drawing 15] 



15/22 



5 ttft'N?F£l$*N 




[Drawing 16] 



cgLejje 



2004/08/18 




http://w^4j^ 



17/22 <<—i> 



ft 7?*rLl-$X:*9 





2 A^-rsr, 



20 T»7^ax^ • 



(a) 

It *>5^»JV^ 




A7U >y 



*ftfl 

27 E«fU^-X 






27 K«HF»5^-X *4 



~ '"' " VVa V>.- r 



It XUT****-* 




[Drawing 18] 
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[Drawing 221 
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[Drawing 23] 
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